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ABSTRACT 

Stress  and  fatigue  are  factors  of  great  import  in  the  decision  mak- 
ing process .    As  such  they  should  be  areas  of  great  interest  and  con- 
cern  to  the  Navy,  particularly  in  their  relationship  to  the  decision 
making  capabilities  of  unrestricted  line  officers  „     The  recent  writings 
and  experimentation  in  stress  and  fatigue  are  analyzed  to  point  up  the 
importance  of  these  phenomena  as  they  affect  the  unrestricted  line 
officer,  to  examine  the  methods  which  the  Navy  might  utilize  in  meas- 
uring and  prediction,  and  to  show  applications  which  might  be  attempted 
in  the  areas  of  alleviation  and  control .    The  destroyer  commanding  of- 
ficer is  the  criterion  against  which  the  stress  and  fatigue  are  measured,, 
The  conclusions  are  that  fatigue  and  the  effects  of  stress  are,  indeed, 
quite  serious  in  their  ramifications,  that  the  Navy  should  be  more  cogni- 
zant of  them,  that  positive  programs  can  be  established  to  reduce  these 
effects  at  nominal  cost,  and  that  such  programs  might  have  valuable 
pay-offs  in  ships  and  lives  „ 
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INTRODUCTION 

Stress  and  fatigue  are  common  factors  in  the  lives  of  many  people— 
from  the  most  highly  paid  professional  man  to  the  lowliest  "hired  hand." 
No  one  group  can  claim  a  monopoly  on  these  problems,  although,  cer- 
tainly, the  repercussions  on  people  may  be  more  marked  in  some  cases 
than  in  others .    Of  the  professions,  very  few  have  as  much  dependence 
on  one  man  as  the  military.    In  the  Naval  branch  of  the  military,  perhaps, 
this  relationship  is  most  strikingly  seen  in  the  relationship  to  a  ship's 
commanding  officer  „ 

This  presence  of  stress  and  fatigue  is  not  a  startling  revelation. 
It  is  very  familiar  to  every  officer  who  has  served  at  sea.    It  can  be  ob- 
served in  the  actions  of  one's  superiors ,  in  the  actions  of  one's  con- 
temporaries,  and,  most  important,  in  one's  own  actions.    It  is  perhaps 
most  graphically  demonstrated  by  Herman  Wouk  in  his  great  novel , 
The  Caine  Mutiny.   A  part  of  the  wide  appeal  of  this  work  to  the  pro- 
fessional  Naval  officer  lies  in  the  "tragic  hero"  quality  of  Captain  Queeg, 
Queeg,  to  the  Naval  officer,  is  an  experienced  seaman  who  has  been  a 
"successful"  commanding  officer—albeit  with  some  undesirable  charac 
teristics .    It  seems  reasonable  to  assume,  however,  that  many  of  Queeg's 
more  acute  idiosyncrasies  were  brought  to  the  fore  by  undue  stress .    It 
is  difficult  to  believe  that  Queeg  could  have  performed  "successfully" 
so  long,  had  he  not  kept  those  tendencies  submerged  through  appropri- 
ate psychological  defense  mechanisms.    Queeg,  in  retrospect,  becomes 
a  character  whom  the  Naval  officer  can  understand ,  and  with  whom  he 
can,  to  some  extent,  identify.    We  have  each  lived  some  of  Queeg' s  ex- 
periences; there  may  be  something  of  Queeg  in  each  of  us. 

All  of  us  have  seen  the  results  of  stress  and  fatigue--  sometimes  in 
lapses,  sometimes  in  errors  of  judgment.  Unfortunately,  in  some  cases 


the  harvest  of  the  stress  and  the  fatigue  has  been  death—not  only  for 
individuals,  but  for  ships  and  crews  as  well.     This  paper  is  an  attempt 
to  shed  some  light  on  stress  and  fatigue,  in  the  firm  belief  that  the  more 
known  about  an  "enemy"  ,  the  better  the  battle  can  be  waged. 

As  a  destroyer  sailor,  I  have  very  keen  interest  in  the  subject  matter 
of  this  report  „     In  the  light  of  long  experience  as  a  subordinate  officer 
in  these  ships ,  it  is  important  to  understand  the  forces  impinging  on  the 
leader.    In  the  light  of  possible  future  assignments  as  a  commanding 
officer,  it  is  important  to  assess  oneself .   (Parenthetically,  it  is  made 
a  matter  of  record  here ,  that  in  every  instance  in  the  body  of  this  report 
where  I  recommend  that  a  prospective  commanding  officer  be  subjected 
to  tests  or  examinations  or  "trial  by  fire"  ,  I  stand  prepared  to  partici- 
pate as  a  "subject"  .)    Whatever  the  individual  cost,  the  Navy  must  have 
highest  standards  in  command-at -sea  positions .    One  important  command 
criterion  is  explored  in  this  paper—the  ability  to  resist  stress. 

This  report  is  respectfully  dedicated  to  the  destroyers  of  the  Navy 
in  the  hope  that  the  information  contained  herein  may  help  the  officers 
who  run  these  ships  to  be  more  effective.     More  specifically  it  is  dedi- 
cated to  the  destroyers  with  which  I  have  been  directly  associated 
through  the  courtesy  of  the  Bureau  of  Naval  Personnel: 

USS  Brownson  (DD  868) 
Raymond  (DE  341) 
Blair  (DER  147) 
Coolbaugh  (DE  217) 
Greenwood  (DE  679) 
Barton  (DD  722) 
Soley  (DD  707) 
JohnR.  Pierce  (DD  7  53) 
Wren  (DD  568) 
Richard  E.  Kraus  (DD  849) 
Borie  (DD  704) 
Wallace  L.  Lind  (D^>  703) 


USS  Hank  (DD  702) 
English  (DD  696) 
Henry  W.  Tucker  (DD  875) 


Monterey,  California 
June,  1964 


CHAPTER  I 
THE  PROBLEM 

The  purpose  of  this  study  is  to  review  the  recent  research  on  the 
effects  of  stress  and  fatigue  on  decision  making  ,  with  specific  attention 
to  those  studies  which  relate  to  the  decision  making  problems  of  U  .  S. 
Naval  officers  of  the  unrestricted  line,  in  an  attempt  to  show  that  some 
of  the  conclusions  of  this  research  should  be  of  great  interest  and  con- 
cern throughout  the  Naval  Service,  and  that  certain  specific  actions  by 
the  Navy  are  both  desirable,  and  easily  implemented 

In  determining  which  studies  to  review,  the  writer  has  applied  a 
subjective  criterion  of  relationship  to  command-at-sea„     This  subjective 
criterion  was  necessitated  by  the  fact  that  there  was  insufficient  material 
available  on  the  subject  of  Naval  decision  making  to  conduct  a  study . 
Therefore,  the  writer  has  selected  research  studies  and  collected  data 
about  groups,  which,  in  his  opinion,  could  be  brought  to  bear  on  the 
problems  confronting  the  unrestricted  line  officer  decision  maker .     The 
criterion  of  command-at-sea  has  been  selected  since  this  is  the  tradi- 
tional "yard-stick"  for  judging  the  unrestricted  line  officer—the  sine 
qua  non  of  the  profession      Recognizing  that  command-at-sea  presents 
different  problems  with  ships  of  different  size  and  capabilities,  and  that 
commanding  officers  differ  in  degrees  of  maturity  and  experience ,  the 
writer  has  restricted  his  analysis  to  the  decision  making  problems  en- 
countered in  destroyers.    There  were  three  principal  reasons  for  this 
choice:  the  experience  of  the  author,  the  "small  group"  atmosphere 
found  in  destroyers  ,  and  the  wide  range  of  types  of  destroyer  operational 
functions  ,    Of  the  three  reasons,  the  consideration  of  writer's  experience 
is  undoubtedly  the  least  important.     Since,  however,  most  of  the  writer's 


Naval  experience  has  been  in  destroyers --over  eight  years  ~  it  proved 
convenient,  and  permitted  comparisons  based  on  rather  extensive  first- 
hand experience,     The  other  two  reasons,  however,  seem  significant 
enough ,of  themselves,  to  justify  the  choice . 

The  "small  group"  atmosphere  is  extremely  important.     In  destroyers, 
all  officers  meet  each  other,  formally  or  informally,  at  least  daily,  and 
usually  more  often;  furthermore,  they  frequently  discuss  common  ship's 
problems  and  proposed  solutions  openly.     Since  there  are  seldom  more 
than  fifteen  officers  attached,  most  officers  are  assigned  multiple  duties 
and  there  is  considerable  overlapping  of  organized  boards  and  committees, 
in  addition  to  the  traditional,  formal,  departmental  structure.     Quite  fre- 
quently, this  creates  a  sort  of  "family"  atmosphere  which  is  almost  to- 
tally lacking  in  larger  ships .     While  a  destroyer  commanding  officer  may 
"confide"  in  his  subordinates  no  more  of  his  thoughts  by  percentage  than 
a  large  ship  commanding  officer  does,  because  the  number  of  "confidants" 
is    considerably  less,  the  absolute  quantity  of  dependence  on  and  confi- 
dence in  particular  subordinates  is  much  greater „    Additionally,  several 
other  factors  about  destroyer  living  tend  to  create  group  interaction .  For 
one,  living  quarters  are  cramped,  especially  in  the  older  ships,  and  there 
is  usually  only  one  space  where  two  or  more    officers  can  meet  officially 
or  socially  during  their  off-duty  hours --the  wardroom.     For  another,  all 
officers,  including  the  captain,  usually  dine  together  in  the  wardroom 
mess.     (On  larger  ships,  the  commanding  officer  usually  dines  in  his  own 
mess;  in  destroyers,  this  procedure  is  followed  infrequently.)     This  factor, 
alone,  almost  guarantees  conversation  and  the  cross -pollination  of  ideas. 
Third,  the  personnel  turnover  in  destroyers  is  extensive,  with  the  experi- 
enced junior  officers  being  replaced  by  the  new  or  inexperienced ,  which 
means  that  the  commanding  and  executive  officers  must  continually 


attempt  to  close  this  "experience  gap"  with  positive  training  programs 
and  well  directed  counsel.    As  a  result  of  factors  such  as  these,  de- 
stroyer officers  usually  form  tightly  knit    groups,  with  a  keen,  common 
understanding  of  the  general  problems  that  face  the  commanding  officer 
as  well  as  the  specific  ones  for  wnich  they  as  individual  officers  bear 
personal  responsibility,, 

The  wide  range  of  destroyer  capabilities  needs  very  little  expla- 
nation.    Destroyers,  today,  function  in  anti-submarine  warfare  and  de- 
tection both  with  shipborne  equipment  and  through  equipment  carried  in 
helicopters  which  are  launched,  controlled  and  recovered  by  these  de- 
stroyers; they  participate  in  anti-air  warfare  as  platforms  carrying  long 
range  detection  equipment,  sophisticated  missile  and  gunfire  control 
systems ,  with  weapons  capable  of  considerable  concentrated  and  destruc- 
tive firepower  against  land  and  surface  as  well  as  air  targets  „     Destroyers 
have  a  wide  capability  in  electronic  warfare,  countermeasures ,  and  for 
early  warning  of  air   attack „    In  addition,  destroyers  provide  many  less 
dramatic  non-combatant  services,  such  as  in  search  and  rescue  opera- 
tions ,  life  guard  services  for  ships  undergoing  underway  replenishment, 
rescue  destroyer  services  for  air  operations,  support  for  Antarctic  opera- 
tions, and  counting  the  population  in  the  Trust  Territories  .    Furthermore, 
destroyers  are  often  called  upon  to  "pinch  hit"  in  duties  normally  assigned 
to  other  types--towing  at  sea,  fueling  other  ships,  evacuation  of  person- 
nel, weather  and  meteorological  operations.    Such  a  wide  spectrum  of 
operations  provides  a  broad  base  for  viewing  the  problems  of  Naval  de- 
cision making  „ 

The  most  important  "definition"  of  this  paper  is  the  writer's  con- 
ception of  the  role  of  the  commanding  officer  of  a  destroyer  in  decision 
making.    This  can  be  divided  into  several  "key"  areas.    The  most  obvious 
of  these  is  that  of  the  structure  and  organization  of  the  ship,  itself.  As 
in  all  military  organizations,  the  basic  structure  is  authoritarian »  Almost 


all  external  information  affecting  the  command  filters  in  through  the  com- 
manding officer,  and  almost  all  information  leaving  the  command  bears 
his  stamp  of  approval,  either  actual  or  implied .    Most  of  the  shipboard  de- 
cision making  process  is  influenced  by  his  interpretations,  his  personality, 
and  his  capabilities .    While  individual  personality  differences  in  amounts 
of  authoritarianism  may  result  in  personal  variations  in  command  behavior, 
all  direct  orders  are  authoritarian,  and  every  commanding  officer  must  issue 
them.     Furthermore,  custom  and  tradition  hold  that  the  commanding  officer 
is  not  only  legally  responsible  for  all  actions  undertaken  by  and  in  the 
name  of  his  ship,  but  is  morally  accountable  as  well, 

A  second  consideration  in  command -at- sea  is  isolation.  At  sea,  a 
ship  is  separated  from  the  military  environment,  and  freed  from  many  of 
the  constraints  of  the  military  hierarchy.    The  immediate  environment  and 
the  formal  chain  of  command  do  affect  the  decisions  of  the  commanding 
officer,  but  minimally.    More  often,  it  is  a  case  of  "out  of  sight,  out  of 
mind."     Beyond  the  limits  of  the  ship,  very  little  if  known  of  how  the  job 
is  being  done;  the  only  observable  thing  is  whether  the  job  is  being  done. 
Isolated  operations  mean  that  the  commanding  officer  has  no  superior  to 
direct  him  in  difficult  decisions;  it  often  means  that  he  has  no  one  with 
whom  to  discuss  difficult  orders  and  problems .  In  sum,  it  means  that  in 
a  ship  at  sea  the  commanding  officer  has  unquestioned  and  absolute  re- 
sponsibility and  authority  in  all  matters  affecting  the  ship,  for  sustained 
periods  of  time. 

In  addition  to  these  factors,  which  apply  generally  to  all  commands 
at  sea,  there  are  certain  factors  which  apply  specifically  to  destroyers. 
In  a  destroyer,  for  example,  the  commanding  officer  frequently  finds  a 
low  level  of  experience  among  his  subordinate  officers  ,  Oftentimes ,  he 
finds  that  the  executive  officer  is  the  only  other  officer  embarked  who 
has  served  in  another  ship.     Frequently,  unfortunately,  the  executive 
officer  is  so  enmeshed  in  the  administration  of  the  ship  and  in  the  col- 
lateral duty  of  navigation,  that  he  is  not  available  to  assist  the  commanding 


officer  on  key  decisions—especially,  if  time  precludes  "briefing"  him 
to  "fill  him  in."    This  considerably  constrains  many  commanding  officers, 
for  even  if  they  would  prefer  to  delegate  responsibility,  they  often  find 
that  the  capabilities  that  their  subordinates  possess  are  not  adequate  to 
cope  with  complex  problems .    This  situation  creates  a  dilemma  so  common 
that  it  might  be  termed  the  "commanding  officer  syndrome"- -whether  the 
decision  can  be  delayed  long  enough  to  permit  subordinate  officers  the 
opportunity  to  prepare  recommendations  properly,  and  gain  valuable  ex- 
perience, or  to  forego  this  training  because  an  immediate  or  an  expedient 
decision  is  required.    The  commanding  officer,  alone,  must  weigh  the 
relative  worth  of  the  training  against  the  necessary  checks  and  cross- 
checks required,  and  decide.    Typical  of  decisions  of  this  type  is  that 
which  confronts  the  commanding  officer  each  time  he  brings  the  ship 
alongside  the  pier,  or  alongside  another  ship.    It  might  be  slower  to  per- 
mit an  inexperienced  officer  to  make  the  approach;  it  might  be  more  haz- 
ardous to  the  paintwork  and  the  stanchions;  it    might  be  embarrassing  to 
the  commanding  officer  if  the  landing  is  a  bad  job,  and  an  important  re- 
porting senior  is  observing.    An  approach,  still,  is  of  negligible  value 
to  the  subordinate,  if  the  commanding  officer,  himself,  performs  it;  the 
"learning  is  in  the  doing."    The  commanding  officer  must  subjectively 
examine  the  alternatives,  and  decide.  In  all  these  decisions,  he  must 
consider  the  relative  inexperience  of  his  subordinates;  he  must  acquire 
an  accurate  first-hand  knowledge  of  their  capabilities  and  shortcomings. 
He  must  know  how  much  he  can  delegate  to  each,  and  whether  he  can 
trust  their  individual  recommendations  or  not. 

One  of  the  greatest  difficulties  encountered  in  the  preparation  of 
this  paper  has  been  to  establish  workable  definitions  of  two  basic  techni- 
cal terms--" stress"  ,  and  "fatigue."    Both  terms  are  widely  used  in  many 
different  ways.    The  most  useful  meaning  of  "stress"  ,  for  purposes  of 
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this  report,  follows  closely  the  teaching  of  Hans  Selye,  the  noted 

1 
physiologist       It  is  somewhat  amusing  that  the  most  felicitous  ex- 
pression of  the  phenomenon,  in  the  opinion  of  the  writer,  was  located 
in  a  basic  psychology  text— Clifford  T=  Morgan's  Introduction  to  Psy- 
chology.   Morgan  states: 

Most  of  us  are  sometimes  exposed  to  unusual  stresses  . 
When  we  must  go  too  long  without  sleep,  when  we  suffer 
burns,  or  protracted  pain,  when  we  are  exposed  to  extreme 
cold  or  extreme  heat ,  or  when  we  work  much  too  long  at 
tiring  and  exacting  tasks,  we  are  stressing  our  bodies 
because  such  extreme  conditions  demand  more  of  our  bodies 
than  they  can  normally  bear,^ 

Selye,  moreover,  provides  a  very  useful  concept  to  define  the  critical 
relationship  between  "stress"  and  "fatigue" --the  "general  adaptation 
syndrome."   In  essence,  this  concept  states  that  the  reaction  to  stress 

occurs  in  three  stages--"alarm  reaction"  ,  "resistance  to  stress"  ,  and 

3 
"exhaustion"  .       For  the  purposes  of  this  study,  interest  centers  around 

the  third  stage,  for  the  terms  "exhaustion"  and  "fatigue"  seem  very 
nearly  approximate .  In  the  light  of  this  "general  adaptation  syndrome" 
approach,  after  some  sort  of  emotional  outburst  marking  the  initial  sur- 
prise, the  individual  settles  down  and  attempts  to  withstand  the  stress 
as  best  he  can,  which  ultimately  results  in  his  exhaustion. 

Unfortunately,  the  term  "fatigue"  cannot  be  dismissed  simply 
as  a  degree  of  exhaustion.    Part  of  the  guandary  rises  from  the  fact  that, 
until  recently,  no  one  had  succeeded  in  measuring  fatigue  accurately, 
or  in  accurately  defining  what  they  were  measuring „    As  a  result,  the 
whole  topic  of  "fatigue"  is  fuzzy  and  ambiguous,  with  a  considerable 
amount  of  overlap  in  the  connotations  and  denotations  assigned  by  various 
"experts"  .    This  dilemma  is  well  expressed  by  Arthur  Gilbert  Bills , "Writing 
for  Encyclopaedia  Brittanica: 


The  term  is  used  ambiguously,  sometimes  referring 
to  the  organic  state  of  exhaustion  or  lowered  energy 
following  work;  sometimes  to  the  feelings  of  tiredness 
or  boredom  experienced  at  such  times ,  and  often  to  the 
decline  in  efficiency  of  performance  during  a  continuous 
work  session. 

Another  facet  of  this  ambiguity  can  be  seen  in  an  excerpt  from  an 
article  byA.  T.  Welford,  one  of  the  great  contributors  to  fatigue  re- 
search: 

To  the  "man  in  the  street"  it  means  a  subjective 
state,  following  or  regarded  as  following  (it  may  anti- 
cipate) some  kind  of  physical  or  mental  stress.    It  is 
not  easy  to  specify  precisely.     To  the  physiologist,  it 
means  some  kind  of  reduction  of  response  following  more 
or  less  prolonged  activity--  the  "mechanism"  in  some 
way  becomes  insensitive  or  inert  .    .    .    The  psychologist 
occupies  a  position  between  the  two.^ 

In  the  same  article,  Welford  describes  three  types  of  "fatigue  effect"  -- 
"simple  performance  decrement"  ,  "disorganization  of  performance"  , 
and  "cumulative  disruption  of  performance"  ,  and  alludes  to  a  fourth 
factor  which  he  calls  the  "onset  of  fatigue  and  change  of  method"  . 
He  also  indicates  that  "fatigue  effects"  are  transferrable--that  fatigue 
associated  with  one  task  may  affect  another.  The  same  author  uses 
"fatigue"  to  mean  both  effect  and  cause*     Other  writers  have  been  more 
definite  in  their  stand.     Dill,  for  example,  concluded  that  fatigue  was 
caused  by  stress,  either  of  a  physical  origin,  such  as  inter-personal 
friction  between  business  associates,  and  that  it  was  a  temporary  dis- 
turbance of  equilibrium  which  may  be  primarily  physiological,  as  in 
depletion  of  energy  reserves,  or  psychological,  as  in  frustration.      Other 
attempts  to  clarify  fatigue  have  included  trying  to  delineate  various  types 
of  fatigue  by  "causation"  categories.    Podolsky,  for  example,  adopted 
the  categories  "muscular",  "emotional",  "environmental",  and  "meta- 
bolic" .     These  terms  are  all  self-explanatory  except  "emotional"  ,  which 
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Podolsky  defines  as  the  "chronic"  fatigue  frequently  caused  by  frus- 

7 
tration,  depression,  worry,  or  fear  of  the  unknown .       Such  categoriza- 
tion is  of  great  interest  to  the  physiologists  and  to  the  medical  pro- 
fession, because  it  separates  the  measurable  from  the  unmeasurable— 
the  "treatable"  from  the  "untreatable"  .    It  is  not  so  useful  to  the  psy- 
chologist.   The  psychologists,  moreover,  seem  to  lack  this  simplicity 
and  directness.     Fraser,  another  prolific  contributor,  provides  a  parti- 
cularly illuminating  illustration: 

In  the  first  phase,  fatigue  tends  to  affect  high  grade 
performance  long  before  there  are  signs  of  physiological 
exhaustion o    The  more  complex  the  performance,  the  more 
delicate  the  discriminations  ,  the  greater  the  number   of 
sources  of  information  which  have  to  be  attended  to ,  the 
more  likely  the  performance  is  to  suffer  from  fatigue.  There 
is  not  necessarily  a  gross  falling  off  in  performance,  or 
extensive  errors  ,  or  long  patches  of  bad  work.    Rather  we 
find  at  first  the  occasional  slip,  the  momentary  confusion  of 
two  similar  signals ,  the  slight  pause  in  the  smooth  rhythm 
of  skilled  performance  .    .    .  Secondly,  it  seems  to  be  now 
well  established  that  performance  where  knowledge  of  per- 
formance is  small  is  likely  to  be  most  sensitive  to  fatigue.    .   . 
The  results  obtained  .    .    .  suggest  that  it  is  very  misleading 
to  consider  fatigue  as  a  single  and  simple  phenomenon  which 
builds  up  in  the  same  way  under  different  conditions  in  dif- 
ferent  types  of  activity  and  requiring  different  methods  of 
study  and  measurement. 

In  the   ensuing  chapters  of  this  report,  the  term  "fatigue"  will  be  used 
in  its  meaning  as  an  effect  of  stress.    The  question  whether  stress  pro- 
duces fatigue  which  in  turn  produces  further  effects  is  beyond  the  scope 
of  this  report.    In  this  paper,  furthermore,  the  term  "fatigue  effects"  will 
not  be  used,  since,  as  defined  herein,  these  should  be  termed  "stress 
effects"  . 

It  is  the  belief   of  the     writer  that  the  area  of  stress  and  fatigue 
is  one  which  should  be  of  great  interest  and  concern  to  the  Navy  Depart- 
ment.   Lapses  in  judgment,  irrational  acts,  hasty  and  imprudent  decisions 
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are  deleterious  when  merely  the  well-being  of  one  individual  decision 
maker  is  involved,  but  they  can  become  disastrous  when  they  are  con- 
sidered in  a  command  situation .    It  is  easy  to  hypothesize  that  stress 
and  fatigue  are  intimately  connected  with  marine  disaster  of  all  types; 
it  is  difficult  to  prove,  because  it  is  difficult  to  assign  definite  causes 
in  such  cases,  and  because,  in  the  most  serious     of  disasters,  the 
"evidence"  and  the  witnesses,  unfortunately,  frequently  perish .     It  is 
the  contention  of  the  writer  that  in  command-at-sea ,  the  psychological 
makeup  of  the  individual  in  command  is  critical,  and  the  type  of  decision 
which  he  must  make  is  critical.    It  is  the  belief  of  the  writer  that  psycho- 
logical and  physiological  stress  testing  are  far  enough  advanced  and  of 
sufficient  validity  that  such  testing  of  all  line  officers  on  a  regular  basis 
should  be  accomplished,  and  the  results  utilized  when  officers  are  con- 
sidered for  command-at-sea .     Furthermore,  it  is  the  belief  of  the  writer 
that  the  gravity  of  fatigue  is  such  that  all  officers  who  are  in  a  position 
where  their  decisions  might  affect  the  welfare  of  others  should  be  made 
cognizant  of  these  consequences  of  stress. 

In  the  preparation  for  this  paper,  over  900  abstracts  of  articles, 
experiments ,  and  books  related  to  stress  and  fatigue  have  been  reviewed 
by  the  writer .    From  this  group,  nearly  200  were  gleaned  for  closer  exami- 
nation, after  determination  by  the  writer  that  these  studies  treated  with 
matters  which,  in  some  way,  were  related  to  those  types  of  fatigue 
which  might  be  experienced  by  a  destroyer  commanding  officer .  From 
these  studies  were  selected  most  of  the  material  for  this  report .     Since 
these  studies  do  not  treat  specifically  with  Naval  officers'  fatigue,  the 
actual  value  of  the  research  is  limited.    In  the  opinion  of  the  writer,  how- 
ever, if  the  study  shows  that  decision  makers  who  are  exposed  to  stresses 
and  experience  fatigues  like  those  encountered  by  Naval  officers,  do  suffer 
certain  effects,  and  if  the  study  shows  that  these  effects  can  be  measured 
and  predicted,  the  study  will  have  served  its  purpose.     Such  a  study  as 
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this  cannot  be  conclusive;  reaction  to  stress  is  different  for  individuals, 
and  different  for  the  same  individual  by  situation  or  occasion  .    A  study- 
such  as  this,  however,  might  provoke  the  specific,  detailed,  specialized 
research  required  to  support  the  analogies  drawn  herein.    If  this  purpose 
is  served,  the  paper  is  successful;  if,  however,  it  does  nothing  more  than 
to  convince  one  "doubter"  of  the  need  not  to  underestimate  the  magnitude 
and  the  seriousness  of  fatigue,  the  time  expended  is  well  used. 

Additionally,  background  reading  and  research  have  been  conducted 
in  the  areas  of  "stress"  and  "fatigue"  .    The  results  of  this  reading  were 
rather  disappointing;  the  "general"  psychologists  have  devoted  precious 
little  space  to  the  subjects;  the  "general"  physiologists  have  done  some- 
what better,  but  even  their  coverage  seems  wanting.     Furthermore,  much 
of  the  physiologists'  work  completely  ignores  the  mental  and  emotional 
aspects.    The  various  journals  have  proven,  consequently,  to  be  the  major 
source  of  information,  and  it  is  the  opinion  of  the  writer,  for  this  reason, 
that  the  method  of  review  utilized  provided  the  best  and  most  comprehen- 
sive examination  of  material  possible  within  the  parameters  of  time  and 
resources.    It  is  recognized  that  having  to  use  the  translations  of  studies 
as  provided  in  the  abstracts  ,  as  well  as  the  difficulties  of  using  incom- 
plete data  when  the  studies  were  not  available,  may  result  in  compound- 
ing the  "error  of  transmission,     it  is  the  opinion  of  the  writer  that  this  is 
a  matter  of  little  import  to  the  study,  however,  since  most  of  the  items  of 
interest  are  considered  in  broad  rather  than  specific  context. 

One  of  the  most  interesting  things  about  fatigue  research  is  that  it 
is  being  pursued  at  the  present  time  by  scholars  of  two  related  yet  dif- 
ferent disciplines—physiology  and  psychology—from  divergent  points 
of  view.    While  both  groups  accept  the  concept  of  a  general  relationship 
between  fatigue  and  stress,  the  physiologists  are  concerned  more  with 
measuring  effects,  while  the  psychologists  are  considering  causes.  Since 
cause  and  effect  are  inexorably  linked,  it  seems  somewhat  parochial  to 
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attempt  to  separate  them„    Recognition  of  this  fact  has  caused  some 

writers  to  attempt  to  approach  the  problem  from  a  middle  ground  of 

9 
"psycho-physiology"  .       For  this  report,  however,  the  approach  is 

largely  psychological,  since  this  is  the  concern  of  the  writer,,    This 

is  a  necessary  limitation  because  of  constraints  in  time  and  space,  as 

well  as  in  comprehension  of  the  writer. 

In  organization,  the  ensuing  study  has  been  divided  into  three 
functional  categories  „     In  each  category,  the  findings  are  reviewed  and 
related  to  the  command-at-sea  base.    There  are  obvious  limitations 
to  this  type  of  analysis.     The  most  serious  is  that  the  categories  over- 
lap; consequently,  some  studies  included  in  one  section  spill  over  into 
others.    Another  drawback  is  the  factor  of  time.     Frequently,  there  is 
a  time  lag  of  two  or  more  years  between  the  appearance  of  articles  in 
the  respective  journals  and  the  publication  of  the  abstracts.  Further- 
more, this  time  lag  is  not  constant,  for  some  articles,  especially  those 
written  by  the  abstracters  themselves,  often  appear  soon  after  their 
initial  publication,    As  a  result  of  this,  it  is  very  hard  to  gauge  inter- 
relationship of  knowledge  in  the  studies.    Some  studies  are  obviously 
read  soon  after  initial  publication;  others  are  not  seen  until  several  years 
later  when  they  are  abstracted.    There  are,  in  addition,  international  com- 
plications to  such  interrelationships  analyses,  since  it  is  impossible  to 
ascertain  the  influence  of  research  published  in  Yugoslavia  on  that  pub- 
lished in  Germany,  or  France,  or  Japan,  and  no  one  knows  what  the 
Russians  are  doing.     Doubtless,  with  translations  available,  abstracts 
rendered  into  English  may  be  influential  to  American  research,  but  it  is 
often  impossible,  even  among  studies  originated  within  this  country  to 
estimate  quantity  of  influence. 

In  the  three  subsequent  chapters,  the  three  functional  areas  of  the 
stress-fatigue  research  will  be  discussed.    These  are  "effects"  /'measure- 
ment and  prediction"  ,  and  "alleviation  and  control"  .     These  categories 
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are  not  mutually  exclusive;  they  overlap  and  are  interdependent .  A 
knowledge  of  effects  is  necessary  for  measurement;  measurement 
is  necessary  to  evaluate  alleviation;  alleviation  is  meaningless 
without  the  effects  „    Generally,  however  the  distinction  has  been 
relatively  easy  to  make.     There  has  been  considerable  research  in 
each  area  in  recent  years—much  of  which  is  of  considerable  import 
in  a  command-at-sea  situation. 
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CHAPTER  II 

THE  EFFECTS  OF  STRESS 

It  seems  appropriate  to  commence  a  study  of  stress  and  fatigue  with 
an  analysis  of  the  "effects"  area.     In  this  field,  the  quantity  and  diver- 
sification of  the  research  can  best  be  observed .     The  quantity  of  material 
needs  no  further  comment;  the  diversification  aspect  is  worthy  of  some 
little  expansion „     The  reader  can  not  help  but  be  impressed  by  the  numer- 
ous categories  into  which  the  several  writers  have  divided  fatigue  .    At 
times,  it  seems  almost  as  if  they  intentionally  describe  new  categories, 
rather  than  attempt  to  adapt  their  research  to  the  terms  of  others.  This 
has  the  effect  of  artificially  inflating  both  the  quantity  and  the  diversi- 
fication; it  is  a  characteristic  well  to  keep  in  mind,  although  it  will  not 
be  developed  further  in  this  report „     Even  with  this  limitation,  it  is  safe 
to  say  that  the  study  of  effects  does  provide  a  reasonable  idea  of  the  over- 
all enormity  of  the  area  of  fatigue, 

Perhaps  the  most  valuable  distinction  in  the  "effects"  area,  is  the 
difference  between  "subjective"  fatigue—how  tired  the  individual  feels-- 
and  "objective"  fatigue  —  to  what  measurable  degree  his  ability  to  perform 
has  been  diminished.     In  1953,  Gugenheim  conducted  a  study  utilizing 

students  performing  a  monotonous  task  requiring  little  physical  exertion, 

1 
in  which  he  attempted  to  compare  the  two  phenomena .      His  findings  are 

very  enlightening;  he  found  that  anount  and  quality  of  work  have  little 
correlation  with  feelings  of  fatigue  .     He  also  found  that  irregularity  of 
performance  may  accompany  the  feeling  of  fatigue.     In  conclusion,  he 
inferred  that  "subjective"  and  "objective"  fatigue  were,  in  fact ,  very- 
little  related .     This  finding  is  of  significance  for  two  very  different 
reasons.     First,  it  shows  very  clearly  the  problem  of  measurement; 
"objective"  fatigue  can  not  be  self-measured  in  a  simple  fashion.  Second, 
and  much  more  serious  ,  the  individual  may  be  dec?  ived  because  he  feels 
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exhausted  when  he,  in  actuality,  is  not,  or,  even  worse,  he  feels  fine 
when  he  is,  in  fact,  debilitated  „ 

An  interesting  study  by  Walker  provides  a  somewhat  more  encouraging 

2 
slant  on  the  problem.      He  considered  that  activity  which  does  not  involve 

strenuous  physical  exertion  may  be  continued  for  long  periods  of  time  with- 
out  appreciable  deterioration  of  performance.    Walker's  list  of  requirements 
for  positive  results  are  quite  illuminating,  and  might  well  be  applied  in  an 
alleviatory  program.    One  such  requirement  is  "good"  working  conditions. 
This,  of  course,  is  something  over  which  the  destroyer  commanding  officer 
has  no  original  control,  since  he  does  not  design  his  ship.    There  is,  how- 
ever, much  that  he  can  do  to  maintain  the  best  possible  working  conditions 
within  the  parameters  set  by  the  physical  characteristics  of  the  " plant," 
Some  of  the  other  aspects  pointed  up  by  Walker  are  very  closely  related  to 
motivation.    Walker  suggests  that  an  individual  should  have  personally 
established  and  self-accepted  standards  of  performance,  and  that  he  should 
consider  any  deviations  from  these  standards  as  personal  failure.    Walker 
emphasizes  the  importance  of  keeping  the  individual  continually  informed 
of  how  well  he  is  meeting  the  standards .     Shipboard  standards  for  per- 
formance are  easily  established;  acceptance  constitutes  no  problem.  The 
last  statement  is  the  one  which  all  in  command  would  do  well  to  heed; 
repeated  experience  bears  out  the  fact  that  performance  is  markedly  higher 
when  continuous  knowledge  of  how  well  standards  are  being  met  is  provided 
This  may  not  always  be  possible,  it  provides  a  worthwhile  goal. 

More  recently,  Ramsay  has  conducted  a  study  which  deals  with 

3 
another  aspect  of  this  problem  .       He  was  greatly  concerned  that  indi- 
viduals feel  tired  and  run  down  without  exerting  themselves,  and  at  other 
times  expend  a  considerable  amount  of  energy  without  tiring .    He  performed 
a  study  examining  the  onset  of  fatigue  in  situations  in  which  muscles 
were  minimally  impaired.    In  this  experiment,  he  established  and  defined 
three  non-energistic  variables --intensity  of  need  to  do  well,  apparent 
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distance  in  time  and  energy  to  the  goal,  and  knowledge  of  appropriate 
"mediating"  behavior.     He  found  that  the  need  factor  did  not  offset 
speed,  but  that  it  did  affect  reported  tiredness --the  lower  the  need, 
the  more  tired  the  subject.    He  found  a  high  correlation  between  bad 
performance  and  reported  tiredness.     He  concluded  that  the  work  situ- 
ation systematically  affects  the  individual's  subjective  state.     In  this 
context,  morale  and  motivation  take  on  considerable  added  luster. 

4 
A  later  study  by  Pearson  contradicts  some  of  these  earlier  findings. 

In  a  study  in  which  he  examined  100  subjects  on  a  complex  fatiguing,  per- 
ceptual  motor  task  against  a  73  item  validated  check  list,  he  found  that 
feelings  prior  to  the  test  performance,  and  the  performance,  itself,  were 
not  necessarily  related,  and  that  measures  recorded  during  the  perform- 
ance indicate  that  feelings  do  not  necessarily  parallel  the  performance, 
Exactly  how  much  "subjective"  fatigue  is  related  to  performance  seems  to 
vary  with  personal  characteristics  of  individuals  ,  with  peculiarities  of  the 
test  situation,  with  the  characteristics  of  the  task,  and  with  the  motiva- 
tion.   It  remains  fuzzy,  and  presents  a  great  number  of  unexplored  inter- 
stices for  future  researchers. 

Some  of  the  most  fascinating  of  studies  of  effects  have  been  per- 
formed in  the  broad  area  of  "visual"  fatigue.    This  incidentally,  is  an 
area  which  may  include  fatigue  of  the  eye,  muscular  or  nervous,  emo- 
tional fatigue,  mental  fatigue,  central  nervous  system  fatigue,  and 
probably  several  others,  depending  on  the  author.     It  is  an  interesting 
area  for  a  number  of  reasons.     For  one,  the  importance  of  sight  in  living 
has  caused  disproportionate  research  in  this  area;  for  another,  the  prob- 
lems of  "eyestrain"  and  "eye  headache"  are  commonly  experienced,  and 
uniformly  noisome.    Visual  fatigue  is  a  problem  on  board  ship,  as  it 
is  in  all  environments  involving  both  close  and  distant  work,  as  well  as 
considerable  visual  vigilance. 
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Many  contributions  of  value  have  been  made  in  the  area  of  visual 
fatigue --some  specific  and   narrow  in  application,  some  broad  and 

general.    An  example  of  the  narrow  is  a  study  conducted  by  Leonard 

5 
Carmichael  on  reading  and  visual  work  .      He  discovered    that  over  six 

hour  periods,  in  some  cases,  there  was  no  appreciable  eye  fatigue .  He 
attributed  this  to  a  specific  mobilization  of  energy  which  offsets  the 
fatigue.    Furthermore,  he  suggested  that  high  motivation  of  the  indi- 
vidual was  definitely  involved,  since  the  less  well  motivated  subjects 
were  the  ones  that  showed  impairment  „    Visual  fatigue  is  important  to 
the  destroyer  commanding  officer,  not  only  because  of  the  familiar  and 
traditional  requirements  of  the  bridge,  but  also  because  of  the  less 
widely  publicized  problems  of  administrative  work  which  oftentimes 
seem  to  be  interminable.    More  important  than  this  limited  point  about 
visual  fatigue,  however,  is  the  consideration  that  high  motivation  may 
affect  other  fatigue  as  well.    If  this  is  true  it  may  provide  a  positive 
reason  for  carrying  out  strong  morale-building  programs  . 

The  broad  approach  can  be  seen  in  a  very  valuable  and  thorough 

6 

study  recently  published  by  H ,  C .  Weston.       In  this  article,  not  only 

does  he  explain  in  depth  the  physiological  causes  of  "visual"  fatigue, 
he  also  clearly  defines  the  phenomenon,  and,  in  so  doing,  makes  pos- 
sible   some  semblance  of  control.    Weston  accomplishes  this  by  elimina- 
ting visual  boredom  and  the  drowsiness  caused  by  inadequate  lighting 
from  his  definition;  he  concentrates  his  attention,  therefore,  on  that 
factor  which  is  self-control  led- -the  "weariness  resulting  from  the 
bodily  and  mental  exertion  of  seeing."    This  definition  has  other  inter- 
esting aspects;  Weston  clearly  recognizes  that  visual  acuity  may  be 
impaired  both  by  the  physical  stress  on  muscles  other  than  ocular 
muscles,  and  by  mental  stress.     This  illustrates  quite  graphically  the 
interrelationship  of  stresses  .    In  one  individual  several  stressors  may 
each  cause  the  same  discrete  amount  of  fatigue"    Weston  also  found  a 
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correlation  between  motivation  and  fatigue  which  is  most  enlightening: 

Usually  not  more  than  half  of  the  cycle  duration  is 
spent  in  fatigue  inducing  vision.    These  studies  refer  to  good 
lighting  „    Under  adverse  conditions  more  of  the  visual  acti- 
vity may  be  unproductive,  or  more  productive  of  mistakes, 
but  there  may  be  no  greater  total  expenditure  of  energy  than 
there  is  under  conditions  of  lighting  which  allow  this  energy 
to  be  expended  more  productively,    Most  people  energize  at 
their  maximum  only  occasionally  and,  as  has  already  been 
stated,  under  strong  motivation.    Habitually,  they  work  well 
within  their  physiological  capacity  and,  by  taking  suitable 
"rest  pauses  ""-either  spontaneously,  whenever  a  feeling  of 
fatigue  arises,  or  involuntarily--  they  avoid  undue  fatigue. 
This  is  just  as  true  of  working  with  the  eyes  as  with  other 
workable  parts  of  the  body. 

The  significance  of  this  to  the  destroyer  commanding  officer  is  two- 
fold; he  must  understand  the  relationship  of  the  eyes  to  total  fatigue, 
and  he  should  appreciate  the  benefits  of  good  lighting  „ 

Another  aspect  of  eye  fatigue  of  particular  interest  to  a  destroyer 
commanding  officer  is  seen  in  recent  research  into  the  ocular  fatigue 
of  radar  operators.    While  commanding  officers  probably  will  not  spend 
prolonged  periods  examining  radar  scopes,  they  all  use  them,  and  often- 
times during  those  periods  of  bad  weather  and  poor  visibility  when  other 
stressors  are  exerting  their  influences,  these  scopes  receive  their  heavi- 
est use.    A  study  published  in  1953  by  Riffei burgh  points  up  the  serious- 

o 

ness  of  the  problem.       Disturbed  by  the  disproportionate  number  of  re- 
ports of  tiring  and  headaches  among  radar  operators ,  he  performed  a 
detailed  study  in  the  area.    As  a  result,  he  noted  that  these  effects 
were  not  caused    by  physiological  features  such  as  ocular  muscle  im- 
balance or  refractive  error,  but,  rather,  were  the  function  of  several 
variables,  the  more  important  of  which  were  the  posture  of,  the  operator, 
the  rate  of  the  radar  sweep,  the  relative  brightness  of  the  surrounding 
room,  and  the  length  of  time  that  the  operator  was  on  duty.    As  a  'tesult 
of  his  experiments ,  he  recommended  no  more  than  one  half  hour  per 
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sitting  at  the  "gear"  ,  and  the  use  of  red  goggles  when  leaving  the  room 
to  lessen  discomfort.    These  findings  are  not  world-shaking;  they  are 
well  known  throughout  the  Navy  at  all  levels  from  command  to  operator . 
The  point  is  that  the  recommended  procedures  are  not  followed ,  and  per- 
haps the  rhetorical  question  which  should  be  posed  is  whether  the  man 
on  board  ship  who  can  least  afford  to  suffer  fatigue  can  continually 
afford  himself  the  luxury  of  failing  to  heed  the  recommendations,, 

Another  aspect  of  the  research  into  effects  concerns  the  general  re- 
lationship of  heat  to  fatigue .    Undoubtedly,  this  was  of  much  greater 
import  to  destroyer  commanding  officers  before  the  widespread  installa- 
tion of  air-conditioning  in  ships  „     It  is  worthwhile  noting,  however,  that 
there  remain  a  great  many  destroyers  which  are  not  air-conditioned,  and, 
unfortunately,  no  way  has  yet  been  devised  to  guarantee  that  the  air- 
conditioning  will  not  suffer  casualties . 

A  very  thorough  treatment  of  many  aspects  of  this  problem  is  con- 

9 
tained  in  a  1953  article  by  F.  P»   Ellis,  a  doctor  in  the  Royal  Navy„     In 

this  treatise,  he  probes  what  he  terms  "tropical"  fatigue—the  mixture 

of  physical  fatigue,  which  shows  up  in  reduced  hard  work,  mental  work, 

as  evidenced  by  increased  lassitude,  and  nervous  fatigue,  as  shown  by 

irritability  and  pettishness,  which  are  considered  characteristics  of  life 

in  the  tropic  zone0    In  this  paper,  he,  very  precisely,  lists  all  the  major 

contributory  factors:  hot  climate,  inertia  or  boredom,  monotony,  isolation, 

"racial  stress"  caused  by  not  understanding  native  customs,  traditions, 

and  language,  "domestic  stress"  caused  by  separation  from  family,  "social 

stress"  caused  by  excessive  social  activities,  conditions  of  service,  or 

discontent  due  to  differences  in  pay,  especially  among  service  personnel, 

overwork,  cultural  deficiencies  such  as  lack  of  good  libraries  and  music, 

improper  clothing,  insects,  and  ill  health „     Ellis  readily  admits  that  many 

of  these  factors  are  not  unique  to  the  tropics  but  he  considers  that  life 

in  the  tropics  tends  to  produce  an  aggregate,  different  and  more  serious 
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from  that  found  in  other  climes.    One  of  the  best  parts  of  Ellis"  presen- 
tation is  his  whimsical  "mathematical"  summation: 

This  brief  review  of  some  possible  causes  of  "tropical" 
fatigue  indicates  that  most  of  the  factors  involved  are  by 
no  means  characteristic  of  the  tropical  zone.    Fatigue  does 
not  arise  at  the  higher  altitudes,,  in  the  hill  stations  where 
an  equable  climate  is  attainable ,  where  many  tropical  towns 
are  built,  and  where  the  ancient  tropical  civilizations  were 
centred  [centered]  .    The  hot  climate  is  the  common  denomi- 
nator in  the  warm  humid  coastal  regions  where  tropical 
fatigue  does  occur,  but  it  is  not  always  the  most  important 
cause,  and  generally  when  serious  neurotic  or  psychotic 
states  supervene,  it  is  not  the  most  damaging  factor.  Then 
patterns  such  as  the  following  can  be  visualized: 

hot  climate  alone  (e.g.  warship's  company  in  the  tropics)  , 

hot  climate  +  inertia  +  domestic  stress  (housewife's  fatigue)  , 

hot  climate  +  monotony,  perhaps  +  alcohol  (as  a  result  of 
long-term  residence)  , 

hot  climate  +  isolation  +  operational  fatigue  +  domestic  worries 
+  insects  +  adverse  service  conditions  (troops  engaged  in  tropical 
warfare)  , 

hot  climate  +  overwork  +  social  stress,  perhaps  +  alcohol 
(government  or  service  officials  in  large  centres  [centers]]  )  , 

hot  climate  +  monotony  +  domestic  stress  +  isolation  +  insects 
+  cultural  deficiencies  (isolated  tropical  communities)  .10 

What  the  proper  equation  for  an  American  destroyer  would  be  is  not 

important;  it  would  differ  in  quantity  and  quality  from  ship  to  ship. 

The  important  thing  to  recognize  is  that  a  similar  equation  does   exist. 

Another  important  aspect  of  the  research  into  effects  has  been  the 

concern  with  the  general  problem  area  of  monotony .    This  is  of  particular 

interest  to  the  destroyer  commanding  officer  because  the  incidence  of 

monotony  aboard  ship  is  not  as  infrequent  or  sporadic  as  is  sometimes 

believed.    Perhaps  this  can  best  be  seen  in  missions  such  as  waiting 

for  an  astronaut  to  land,  or  on  an  ocean  station  lying  under  the  track 

of  an  aircraft  carrying  a  President,  or  in  "lying  to"  on  station  as  part 
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of  an  early  warning  line,  or  in  a  long  drawn  out  area  search  where  the 
same  pattern  is  repeated  over  and  over  again.    The  fact  is  that  during 
certain  periods  ,  destroyer  duty  can  be  monotonous ,  and  while  this  is 
certainly  not  the  usual  case,  it    cannot  be  disregarded. 

An  interesting  study  in  this  area  was  prepared  by  Welford,  Brown, 
and  Gabb.      They  found  that  the  performance  of  civilian  air  crews  in 
problem  solving  was  poorest  immediately  after  a  long  flight,  and  depended 
on  whether  the  duties  were  hard  or  light.     Those  with  harder  duties  seemed 
to  suffer  more  fatigue  from  a  combination  of  loss  of  sleep,  higher  stress, 
and  monotony,  than  those  with  less  arduous  duties..    This  seems  highly 
significant  for  a  destroyer  commanding  officer,  because  while  his  duties 
are  never  light,  he  frequently  finds  himself  working  under  a  combination 
of  stresses.    Oftentimes  monotony  is  not  as  readily  controlled  as  other 
stresses  since  the  reasons  for  its  existence  are  beyond  the  capabilities  of 
its  victims  to  contain  in  a  suitable  manner.    A  destroyer  commanding  of- 
ficer, for  example,  might  dispense  with  monotony  by  holding  five  inch 
anti-aircraft  "burst"  practice  while  the  Presidential  plane  was  in  the  area, 
but  this  would  not  be  very  suitable.    Monotony  is  most  dangerous  in  combi- 
nation with  other  stressors;  it  can  make  a  bad  situation  worse.    It  should 
not  be  underestimated. 

An  area  of  considerable  concern  and  interest  to  the  destroyer  command- 
ing officer  in  the  field  of  "effects"  ,  is  the  area  of  combat  stress,  and  its 
resultant  "battle  fatigue"  .    Some  purists  may  argue  that  this  is  not  truly 
"fatigue"- — contending  that  it  is  a  psychological  reaction.    No  attempt  will 
be  made  to  decide  this  question  in  this  report.     "Battle  fatigue"  is  of  con- 
siderable significance  to  a  destroyer  commanding  officer  whatever  its 
origins  may  be;  for  this  reason  it  is  considered  properly  included  in  this 
paper.     It  is  interesting  to  note  that  most  of  the  studies  performed  in  this 
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area  have  been  with  Army  personnel  as  subjects,  and,  as  a  result,  these 
findings  must  be  used  with  caution.    Some  of  those  which  seem  to  have 
some  significance  are  included  hereinafter , 

12 
Frederick  Hanson  has  prepared  one  such  study „        He  concerned  him- 
self with  the  relationship  between  fatigue  and  what  he  termed  "combat 
neuroses"  .    He  concluded  that  physical  fatigue  does  not  cause  "combat 
neuroses  "  ,  but  that  it  does  debilitate  the  individual,  and  lower  his 
resistance  to  the  emotional  stress  of  combat.    Furthermore,  he  hypothe- 
sized that,  as  a  result,  a  change  in  amount  of  physical  fatigue  will  change 
the  amount  of  resistance  to  emotional  stress  available  to  the  individual. 
Frequently,  the  commanding  officer  can  not  get  the  proper  amount  of  rest 
to  restore  him  from  the  effects  of  physiological  stress.     He  should  force 
himself  to  rest  physically  when  he  has  the  opportunity,  in  order  to  insure 
himself  as  much  resistance  to  emotional  stress  as  possible. 

Another  highly  interesting  area  to  commanding  officers  is  the  question 
of  age  and  resistance  to  stress.    The  commanding  officer,  of  course,  has 
been     traditionally  dubbed  the  "old  man"  ,  and  whether  he  cares  to  admit 
it  or  not,  he  often  is  the  oldest  man  aboard  a  destroyer.    At  best,  the 
destroyer  commanding  officer,  in  age  bracket  35-45,  is  considerably  older 

that  most  of  the  crew.    Bearing  this  in  mind,  the  findings  of  Brill ,  Beebe, 

13 

and  Loewenstein  seem  especially  significant.  '     In  a  detailed  analysis 

of  the  incidence  of  psychoneurosis  among  white  enlisted  men,  they  found 
it,  surprisingly,  to  be  a  function  of  age,  and  of  military  environment.  The 
initial  shock  of  this  finding  demands  a  closer  look  into  the  background  of 
the  experiment.    This  study  concerned  Army  enlisted  men  in  1944,  a  "popu- 
lation" which  might  at  best  be  called  "involuntary"  soldiers.    Secondly, 
the  results  showed  that  psychoneurosis  increased  with  age  among  person- 
nel of  an  unselected  army  population,  among  personnel  stationed  in  the 
continental  United  States  ,  and  among  an  unselected  population  overseas  , 
but  that  there  was  no  evidence  to  support  such  a  conclusion  for  the  personnel 
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of  a  regimental  combat  team.    It  seems  that  there  are  three  points  to 
take  from  this  study .    The  first  is  that  high  motivation  may  counteract 
the  effects  of  stress  as  evidenced  in  other  of  the  research  in  stress 
and  fatigue;  the  second  is  that  aging  may  produce  lower  thresholds 
to  stress;  finally,  and  most  important  of  all,  motivations  may  vary,  and, 
consequently,  ability  to  resist  stress  may  change.     The  ability  to  with- 
stand stress  in  a  newly  commissioned  officer  of  21  may  be  greater  or 
less  than  that  of  the  same  officer  when  he  takes  command  of  a  de- 
stroyer at  age  40  ,  depending  on  many  factors  which  were  completely 
unpredictable  at  age  21;  it  is  a  statistical  certainty  that  his  ability  to 
withstand  stress  will  not  be  exactly  the  same,  yet  is  this  not  what  is 
assumed  when  officers  receive  psychological  testing  before  commission- 
ing,  and  are  not  retested?    This,  alone,  seems  to  provide  a  good  reason 
for  a  retesting  program. 

Another  type  of  effect  of  great  import  to  the  destroyer  commanding 
officer  is  that  caused  by  psychological  stresses.    Again,  as  in  the  case 
of  battle  stress,  there  might  be  some  disagreement  among  purists  regard- 
ing the  legitimacy  of  including  such  material  in  this  treatise.     Since  these 
effects  ,  however,  bear  on  the  same  decision  maker  who  may  be  combating 
fatigue  caused  by  another  stressor,  they  seem  quite  properly  included  in 
this  study,  and  are. 

14 
A  good  study  in  this  area  was  published  by  Kohn  in  1954.        In  a  pair 

of  experiments  conducted  using  three  variables --threat  of  an  electric 

shock,  distracting  conditions,  and  "ordinary"  conditions --he  found  that 

the  irrelevant  parts  of  a  detailed  picture  were  forgotten  rather  than  the 

relevant  ones  .     This  indicated  that  perception  and  performance  under  mild 

psychological  stress  suffer  very  little--a  fact  which  is  of  considerable 

significance,  for  it  suggests  that  under  emotional  stress,  a  decision 

maker  will  not  "lose  the  big  picture,"  and  should  be  able  to  continue  to 

function  as  an  effective  commander. 
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In  another  interesting  experiment  conducted  in  India,  Rao  used  two 

groups  of  delinquent  boys  as  subjects  in  an  inquiry  into  the  effects  of 

15 
psychological  stress  on  rigidity  in  problem   solving  „        One  group  was 

frustrated  and  punished  during  the  experiment;  the  second  group  served 
as  control.     Rao  found  that,  for  the  most  part,  the  experimental  group 
showed  more  errors  in  problem  solving,  and  especially  more  perseverative 
errors.     Certainly,  a  destroyer  commanding  officer  is  not  a  delinquent 
Indian  boy;  there  are  many  situations,  nevertheless,  when  he  suffers 
frustration  and  rebuke.    Unfortunately,  many  of  these  are  such  that 
rigidity  might  prove  disastrous,    An  example  might  better  emphasize  the 
point.    A  destroyer  commanding  officer  is  called  to  the  bridge  at  dawn  to 
find  that  his  ship  has  been  directed  to  change  station  in  a  screen.  Before 
he  can  properly  acclimatize  himself,  a  signal  is  received  from  the  O.T  C. 
directing  him  to  expedite  taking  station.    Upset  because  the  officer  of 
the  deck  has  been  very  slow  in  taking  action,  and  not  very  well  rested 
from  a  night  of  reports  from  previous  O.O.D."sy  the  captain  turns  to 
the  O.O.D.,  and  says,  "Let  me  see  your  maneuvering  board,"    The  O.O.D, 
hands  the  captain  the  relative  plot,  but  neglects  to  tell  him  that  "own  ship" 
is  in  the  center;  the  captain  always  plots  the  guide  in  the  center.    The 
captain  assumes  the  "conn,"  gives  the  incorrect  course  order  to  the  helm, 
puts  the  speed  up  to  25  knots,  and  then  discovers  he  is  going  the  wrong 
way!    While  this  example  may  sound  contrived,  it  is  not;  it  closely  ap- 
proximates an  experience  observed  by  the  writer.    Reaction  to  stress  and 
rigidity  in  problem  solving  may  be  a  rather  dangerous  mix. 

Another  study  in  the  area  of  psychological  stress,  written  by  Shepard, 

is  of  considerable  interest  because  it  "debunked"  a  familiar  idea  about 

16 
ulcers,  and  stated  a  valuable  and  workable  preventative  measure.        In 

a  19  54  study  about  stress  disorders  written  from  the  standpoint  of  an 

industrial  physician,  he  hypothesized  that  stress  disorders,  such  as 

neurosis,  arthritis,  ulcer,  and  coronary  disease  were  usually  attributed 
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to  the  "strain"  of  the  occupation,  but  that  this  was  not  the  true  cause 
of  difficulty.    Rather,  he  stated  that  the  causal  factor  was  imbalance 
between  stresses  of  the  occupation  and  the  worker's  tolerance,  based 
on  his  own  peculiar  physical  and  mental  characteristics .     He  pointed 
out,  furthermore,  that  a  physician  was  best  able  to  make  the  determina- 
tion of  this  factor,  and  he  advocated  periodic  physical  and  psychological 
exams  to  do  it* 

Wolff,  in  a  1954  study,  made  an  interesting  contribution  to  the  work 

17 
on  a  psychological  stress.        He  believed  that  in  addition  to  stresses  from 

the  physical  environment,  a  man  reacted  to  threats  and  symbols  from  his 
past.  He  also  indicated  that  cultural  and  individual  damages  were  unpre- 
dictable and  might  be  more  harmful  than  the  actual  occurrence  itself.  It 
seems  worthwhile  mentioning  that  a  Naval  officer's  "past"  does  not 
terminate  the  day  he  enters  the  service;  it  is  dynamic  and,  at  best,  is 
only  a  microsecond  old  at  any  given  point  in  time.    It  might  be  well  to 
examine  it  periodically,  in  conjunction  with  psychological  tests,  and  to 
keep  it  "on  file"  in  its  most  recent  form. 

No  study  of  effects  would  be  complete  without  mention  of  physical 
effects  .    This  is  an  extremely  important  area  of  fatigue  research,  and  is 
one  in  which  a  great  quantity  of  work  has  been  done.    It  is  of  secondary 
importance  to  this  paper,  however,  because  the  hard  physical  exertion 
such  as  that  experienced  by  an  athlete  running  a  race,  or  of  a  steel 
worker  stoking  an  open-hearth  furnace,  are  physical  stresses  which  most 
destroyer  commanding  officers  will  not  approximate  in  the  line  of  duty. 
Furthermore,  a  large  preponderance  of  the  "physical"  studies  are  written 
from  a  metabolic  or  a  physiological  point  of  view,  and  for  purposes  of 
this  study  these  findings  are  of  interest  only  in  the  quest  for  finding 
accurate  and  sensitive  measures  for  fatigue.    On  the  other  hand,  no  com- 
manding officer  can  afford  to  dismiss  this  subject  of  physical  fatigue  com- 
pletely.   A  short  passage  from  a  1953  study  by  Hemingway  illustrates  this 
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well.        In  describing  an  experiment  concerned  with  physical  exercise 

and  blood  flow ,  he  stated: 

Within  the  limits  imposed  by  the  experiment,  the  blood 
flow  during  the  exercise  was  not  necessarily  proportional 
to  the  amount  of  work  being  done.     The  mechanical  hindrance 
of  the  contractions  reduced  the  flow  during  exercise  to  40 
percent  of  what  it  would  otherwise  have  been.    It  seems 
obvious  that  in  such  circumstances  fatigue  will  ensue 
earlier  than  would  otherwise  be  the  case,  and  this  finding 
may  be  the  explanation  of  why  exercise  such  as  "push-ups" 
and  "chin-ups"  fatigue  the  muscles  so  rapidly.19 

Since  commanding  officers  under  40  are  required  to  perform  "push-ups" 
and  "chin-ups"  ,  it  seems  important  to  recognize  this  relationship  to 
blood  circulation      It  also  seems  important  to  note  that  in  the  paragraph 
following  the  one  cited  above,  Hemingway  showed  the  relationship  be- 
tween circulation  and  cardiac  output  during  exercise      Infrequent  "push- 
ups" and  "chin-ups"  can  create  a  fatal,  stress , 

A  considerable  amount  of  research  has  been  done  in  the  area  of  the 
relationship  between  noise  and  fatigue.    While  many  destroyer  decisions 
are  made  in  the  silence  of  a  quiet  bridge,  it  may  be  necessary  to  make 
critical  decisions  to  the  accompaniment  of  booming  guns  or  with  blaring 

radio  equipment  obligator    Helper  published  an  interesting  study  on  the 

20 
subject  in  1957.         He  measured  fatigue,  during  the  performance  of  a 

mental  task  in  quiet,  while  not  performing  the  mental  task  under  condi- 
tions of  110  decibels  of  noise,  and  while  performing  the  task  under  ad  > 
ditional  stress  from  the  110  decibel  noise,  and  found  that  the  noise  itself 
was  relatively  non-stressful,  but.  it  added  to  the  physiological  "cost"  of 
mental  work,  although  it  did  not  affect  overall  task  performances.     Signi- 
ficantly, he  noted  no  correlation  between  physiological  reactions  to  noise 
and  effects  of  noise  on  performance. 

In  another  19  57  study,  Jerison  and  Wing  examined  the  effects  of 

21 
noise  on  a  task  requiring  close  vigilance  and  attention.  Alternating 

two  hour  periods  between  noisy  and  quiet,  they  found  that  performance 
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under  close  vigilance  suffers  with  noise ,  and  that  the  quiet  period 
showed  no  reduction  in  proficiency  .    it  is  encouraging  to  note  that 
the  Navy  tradition  of  a  quiet  bridge  makes  good  psychological  as  well 
as  intuitive  sense. 

A  very  worthwhile  study  on  the  effects  of  noise  has  been  prepared 

22 
by  Broadbent  and  Little.         In  this  article  the  authors  provide  a  very 

succinct  summary  of  the  noise  problem: 

The  effect  of  the  noise  is  to  increase  the  frequency 
of  momentary  lapses  in  efficiency  rather  than  to  produce 
decline  in  rate  of  work,  gross  failures  of  coordination  or 
similar  inefficiency.     Effects  have  never  been  shown  with 
noises  of  less  than  90  db  (above  the  usual  arbitrary  level 
of  .0002  dynes/sq.  cm.)  .    In  view  of  the  rather  specific- 
nature  of  the  effect  found  in  the  laboratory,  it  remained 
a  doubtful  question  whether  this  effect  of  noise  is  of  any 
practical  importance.     Furthermore,  no  matter  how  pro- 
longed the  laboratory  experiments,  they  cannot  hope  to 
involve  people  who  are  accustomed  to  noise  as  they  would 
be  in  a  real  life  situation.     For  this  reason  it  has  become 
very  desirable  to  check  the  results  of  the  laboratory  experi- 
ments in  an  actual  working  environment.  2 3 

The  results  of  this  industrial  experiment  indicated  that  rate  of  work  was 
not  improved  by  noise  reduction,  except  by  improving  overall  morale.  It 
'did  show,  however,  that  human  error  was  less  frequent  when  the  noise 
level  was  lower. 

In  a  recent  study,  Corcoran  brings  out  another  very  interesting 
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aspect  of  the  research  on  noise.         In  two  experiments  in  which  he  ex- 
amined human  performance  under  the  stress  of  90  decibel  white  noise 
and  loss  of  sleep  separately  and  in  combination,  he  found  that  noise 
was  effective  in  reducing  the  deterioration  of  performance  characterized 
by  loss  of  sleep.     In  this  case  the  effects  of  the  stressors  cancelled 
each  other  somewhat*    This  series  of  experiments  points    up  one  very 
interesting  aspect  of  the  total  research  in  the  area;  at  different  times, 
different  stressors  produce  different  reactions  on  different  individuals. 
Sometimes  the  stressors  cancel  each  ot.her  and  the  resultant  is  lesser 
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fatigue  than  might  be  expected  by  merely  summing;  sometimes  the  stress- 
ors complement  each  other  and  produce  the  full  amount;  there  is  some 
contention,  even, that  stressors  in  combination  may  produce  even  more 
than  this  sum  because  of  interaction  of  stresses.    Withal,  the  time, 
situation,  and  individual  psychological  make-up  become  of  increasing 
import, 

Probably    the  most  dramatic  of  all  research  into  effects  in  terms  of 
results  accomplished  has  been  the  work  on  sleep  deprivation .     Coinci- 
dentally,  this  may  be  the  most  common  single  stressor  that  a  destroyer 
commanding  officer  encounters,    Long  arduous  operations  demanding  his 
attention  as  a  decision  maker,  incessant  calls  during  the  night  to  inter- 
rupt what  are  often  fretful  attempts  at  sleep,  in  addition  to  whatever  psy- 
chological stressors  may  be  affecting  him  at  the  time,  can  easily  combine 
to  deny  him  sleep  for  protracted  periods 

One   very  important  concept  that  this  experimentation  has  brought 

out  is  the  fact  that  individual  reactions  to  this  type  of  stress  are  extremely 
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different.     This  was  made  very  clear  in  a  19  56  study  by  Seymour.         Exami- 
ning subjects  under  the  stress  of  sleep  deprivation  of  60  hours  duration,  he 
made  five  significant  conclusions.     First,  he  noted  that  the  deviant    be- 
havior of  the  subjects  as  well  as  the  test  patterns  were  highly  individual. 
Next,  he  noted  that  the  personality  and  emotional  life  of  individuals  were 
more  greatly  affected  by  stress  than  psycho-physiological  factors.  Third, 
he  observed  that  those  individuals  who  evidenced  pathological  signs  at 
the  peak  of  the  stressful  situation  did  not  have  different  test  patterns. 
Next,  he  noted  that  the  individuals  who  demonstrated  pathological  tenden- 
cies on  individual  testing  either  through  self  evaluation  or  from  pathogenic 
test  results  ,  showed  no  different  test  patterns  during  or  at  the  height  of 
the  stress.     Finally,  he  observed  that  individuals  with  erratic  behavior 
during  the  course  of  the  experiment  did  not  show  different  test  patterns. 
From  these  findings,  Seymour  concluded  that  fatigue  and  impairment  were 
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strongly  influenced  by  the  entire  organization  of  the  individual,  includ- 
ing his  long-range  ideas,  goals,  and  self-evaluation,,     It  certainly  seems 
that  this  provides  cogent  testimony  for  the  continual  psychological  evalu- 
ation of  Navy  decision  makers. 

Another  interesting    study  in  the  area  of  sleep  deprivation  concerned 
an  experiment  performed  by  Pepler,         In  an  experiment  in  which  he  ex- 
amined 12  subjects  on  a  pursuit  tracking  task  for  30  minutes,  and  on  a 
serial  choice  task  for  the  following  20  minutes  under  conditions  combin- 
ing the  variables  of  normal  and  high  temperature,  and  normal  rest  and  one 
night  sleep  deprivation,  he  found  that  the  effect  of  temperature  was  quali- 
tatively different  from  that  of  lack  of  sleep.    He  based  this  on  the  obser- 
vation that  under  sleep  deprivation  the  subjects  omitted  responses  on  the 
serial  choice  test,  and  failed  to  correct  misalignments  in  the  tracking,  but 
in  warmth,  they  continued  to  respond  to  both  tasks  ,  although  their  pro  - 

ficiency  was  not  as  great  as  it  was  under  normal  temperature  conditions . 
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Williams  ,    Lubin  ,  and  Goodnow  also  made  an  interesting  contribution. 

They  conducted  two  studies  with  49  subjects  under  the  stress  of  72-98  hours 
of  sleep  loss.    Comparing  performance  on  tasks  on  which  the  experimenter 
set  the  pace  with  those  on  which  the  subject  set  the  pace,  they  found  that 
the  number  of  errors  was  greater  in  experimenter-paced  tasks  „    Transfer- 
ring these  results  to  the  destroyer  situation,  the  fact  comes  to  mind  that 
the  most  critical  of  decisions  undertaken  during  conditions  of  sleep  depri- 
vation are  seldom  "subject"  paced      When  the  commanding  officer  is  called 
to  the  bridge  at  two  o'clock  in  the  morning,  he  often  has  to  unravel  a  knotty 
problem  right  then,  and  make  a  positive  decision  without  equivocation „  Fre^ 
quently,  he  has  no  margin  for  error,  as  well . 


In  another  experiment  in  this  field,  Wilkinson  investigated  the  effect 
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of  lack  of  sleep  on  visual  watchkeeping  *         He  compared  individuals'  per- 
formance after  a  "normal"  night's  sleep  with  their  performances  after  being 
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deprived  of  one  night's  sleep,  on  a  forty  minute  test  of  visual  watchkeeping. 
He  noted  three  kinds  of  errors ,  signals  missed  while  watching  the  display, 
signals  missed  while  not  watching  the  display,  and  signals  missed  while 
asleep,  and  observed  that  a  lack  of  sleep  produced  an  increase  in  all  three „ 
He  also  commented  that  the  forty  minute  test  had  to  be  prolonged  before  the 
results  indicated  that  moderate  sleep  loss  produced  a  deteriorated  perform- 
ance.    This  suggests  one  of  the  most  dangerous  concepts  about  sleep  depri- 
vation; it  has  curvilinear  effects.    There  is  little    deterioration  of  perform- 
ance over  a  long  period  of  tirne--24  hours--  and  then  there  is  a  decline  in 
performance  which  accelerates .    It  is  obvious  that  it  would  be  a  most  valu- 
able piece  of  information  to  know  one's  "threshold"  ,  but  it  changes  with 
time,  location,  and  the  effects  of  other  stressors'-    It  is  difficult  to  quantify 
outside  the  laboratory. 

Morris  and  Singeralso  conducted  an  experiment  recently  of  some  con- 
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siderable  interest.         They  divided  a  group  of  7  4  enlisted  men  into  groups 

of  5  or  6,  and  studied  them  under  the  effects  of  72-98  hours  of  sleep  depri- 
vation through  tests  given  before  and  during  the  experience,  and  interviews 
concurrently  conducted,,     They  observed  that  the  subjective  experiences 
reported,  and  the  defenses  used  were  in  line  with  individual  personality 
factors,  but  also  were    influenced  by  the  behavior  and  attitudes  of  the  staff 
and  of  other  subjects  in  the  group.    Of  these,  however,  they  found  that  the 
most  significant  factor  in  behavior  under  conditions  of  sleep  deprivation  was 
individual  personality. 

One  of  the  most  fascinating  things  about  the  study  of  "effects"  is  the  dis- 
covery of  interrelationships.    A  recent  Wilkinson  study  provides  a  case  in 
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point.         In  observing  a  group  of  subjects  deprived  of  sleep,  he  found  that, 

on  a  task  of  prolonged  addition,  when  the  subjects  were  not  told  how  they 

were  doing,  the  sleep  deprived  produced  adverse  results,  but  when  they 

were  kept  informed  of  how  they  were  doing,  the  adverse  effects  diminished. 

More  significantly,  he  found  a  relationship  between  muscle  tei  sion  and 
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resistance  to  sleep  deprivation .    He  found  that  of  the  subjects  deprived 
of  sleep,  the  ones  whose  performance  had  been  least  impaired  had  the  most 
muscle  tension.     Those  who  demonstrated  the  greatest  falling  off  in  perform- 
ance on  the  test  experienced  relatively  little  muscle  tension „    Wilkinson  con- 
cluded that  sleep  deprivation  in  this  amount  produced  these  two  results,  and 
that  they  were  substitutable  one  for  the  other. 

The  major  and  most  dramatic  work  in  sleep  deprivation,  however,  has  been 
in  the  results  of  the  longer  experiments,  and  the  relationship  to  mental  dis- 
order.    Three  studies  illustrate  this  aspect  particularly  well0     In  the  first  of 
these,  Bliss,  Clark,  and  West  kept  7  medical  students  awake  for  72  hours, 

and  4  awake  for  48  hours  after  receiving  LSD  25,  a  drug  with  ego  disruptive 
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effects  .         They  found  minimal  changes  on  psychological  tests  ,  but  indications 

of  subjective  personality  alterations  in  all*     They  also  found  that  feelings  of 
depersonalization,  illusions,  hallucinations,  disturbance  in  time  perception, 
and  differences  in  auditory  acuity  were  prevalent .     They  found  that  sleep  depri- 
vation  enhanced  the  effects  of  the  LSD  25  „    They  concluded  that  sleep  depri- 
vation might  have  a  pathogenic  potential ,  especially  when  combined  with  other 
psychological  processes,  and  that  prolonged  wakefulness  might  be  a  critical 
factor  in  the  precipitation  of  some  schizophrenic  illnesses  „ 

In  the  second  study,  Luby,  Grissell,  Frohman,  Lees,  Cohen,  and  Gottleib 
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kept  twelve  paid  volunteer  males  awake  for  123  hours  „         They  noted  in  pro- 
gression, attention  lapses,  visual  changes  from  double  vision  to  illusions 
to  hallucinations,  with  irritability  followed  by  overt  hostility „    They  also  noted 
a  resistance  to  the  hallucinations  at  first,  followed  by  a  general  acceptance  as 
a  paranoid  system  became  stabilized .     They  also  noted  significant  changes  in 
biochemistry,  a  fact  which  may  hold  some  significance  for  future  work* 

In  the  third  study  in  this  area,  West,  Janszen,  Boyd,  and  Cornelisoon 
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made  a  very  interesting  report  on  sleep  deprivation  as  a  psychosis  „       Their 

conclusions  are  strong  enough  to  make  any  rational  person  pause  and  consider 

for  a  long  time  before  stressing  his  body  by  prolonged  sleep  deprivation.  They 
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concluded  that  the  point  of  psychosis  occurs  somewhere  after  100-120  hours 
of  sleeplessness,,    They  spoke  of  two  phases  to  the  process.     In  the  first, 
a  progressively  increasing  drowsiness  occurred  with  some  brief  lapses  of 
awareness.     Fine  movement  was  replaced  by  gross  tremor.     The  senses  were 
disturbed  and  illusions  were  experienced.    Vigilance  decreased,  and  there 
was  a  noticeable  increase  in  oral  activity  and  what  the  authors  called  "pre- 
psychotic  phenomena,"    In  the  second  phase,  a  full  blown  psychosis  appeared. 
They  noted  that  the  process  could  be  stopped  by  a  period  of  12-15  hours  sleep, 
during  which  the  subject  experienced  much  vivid  dreaming,  but  that  impair- 
ment of  some  functions  lasted  up  to  10  days. 

Many  more  studies  of  effects  have  been  conducted  and  published.  Those 
cited  hereinbefore,  however,  give  some  idea  of  the  magnitude  and  the  breadth 
of  the  research  area,  and  of  some  of  the  pitfalls  encountered      Some  writers 

have  concentrated  in  attempting  to  enclose  the  entire  area  with  ideas.     Such 
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an  idea  was  developed  by  Muller  and  Worchel  in  a  19  56  study.         They  con- 

eluded  that  the  individual  who  considered  himself  slightly  inadequate  was 
usually  more  efficient  than  either  the  one  who  considered  himself  highly  ade- 
quate or  the  one  who  considered  himself  highly  inadequate,  when  ability  to 
perform  under  stress  was  measured.    This  seems  a  very  useful  point  for  self- 
evaluation.    Another  finding  which  may  have  even  broader  significance  when 
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applied  is  propounded  by    Zaida .        He  hypothesized  that  under  conditions  of 

conflict  or  frustration  that  the  human  organism  would  ultimately  suffer  dis- 
organization of  behavior  which  might  be  transitory  or  might  be  permanent-- 
depending  on  the  intensity  of  the  stimulus  and  the  capacity  of  the  exposed 
organism.     More  important,  he  stated  that  intelligence  might  be  one  of  the 

critical  conditions  of  reaction  to  stress.     This  result  is  underscored  by 

36 
another  study,  which  was  conducted  by  Lazarus  and  Eriksen,         In  an  experi- 
ment utilizing  a  Wechsler-Bellevue  digit  symbol  subtest,  they  found  that  sub- 
jects with  high  academic  standing  improved  under  stress,  and  that  those  with 
low  academic  standing  did  rather  poorly,  and  were  more  variable  in  performance 
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For  many  years,  we  have  taken  Wellington's  famous  words  that  the  "battle  of 

Waterloo  was  won  on  the  playing  fields  of  Eton/'  as  gospel  .     Perhaps ,  it 

37 
might  be  that  the  battles  of  today  and  tomorrow  will  be  won  in  the  classroom . 

At  any  rate,  many  and  varied  are  the  effects  of  stress;  many  and  varied  are 
the  fatigues  and  the  impairments  which  a  decision  maker  may  suffer      So  seri- 
ous are  the  effects,  that  the  problems  of  measurement  and  prediction  must  be 
"tackled"  in  order  to  attempt  to  prescribe  some  measure  of  alleviation  and 
control      These  are  the  problems  addressed  in  the  ensuing  chapters, 
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CHAPTER  III 
MEASURING  AND  PREDICTING  THE  EFFECTS 

The  second  major  research  area  is  that  of  measuring  and  predicting 
the  effects  of  stress.    This  is  a  complex  field,  largely  because  of  the 
many  varied  effects  which  may  be  measured,  and  because  of  the  many 
different  reasons  for  measuring  them.    Some  of  the  measures  required, 
for  example,  are  for  the  purpose  of  showing  that  fatigue  or  impairment 
has  occurred,  and  of  establishing  relative  measurements  which  indi- 
cate degree.    Others  are  to  provide  an  objective  method  for  measuring 
propensity  for  fatigue  so  that  predictions  may  be  made  by  skilled  obser- 
vers.    Unfortunately,  what  may  be  the  most  important  measure  of  all 
has  proven  elusive--  providing  the  individual  with  a  reliable  method  for 
estimating  his  own  personal  state  of  fatigue.     This  is  a  most  important 
aspect  of  the  "measurement"  problem  because,  as  the  study  of  "effects" 
has  shown,  reactions  to  stress  vary  greatly  from  individual  to  individual, 
from  situation  to  situation,  and  from  time  to  time.  Laboratory  equipment, 
procedures,  and  environment  are  not  available  in  the  "field"--  the  opera- 
tional environment  of  the  "real"  world,.    Providing  accurate  self-measure- 
ment and  prediction  is  a  fertile  area  for  future  research. 

.The  measurement  of  fatigue  is  usually  divided  into  three  types- 
physiological,  subjective,  and  objective.      The  physiological  method 
consists  of  examining  various  physical  criteria  to  determine    whether 
fatigue  or  impairment  has  occurred.    This  is  of  academic  and  scientific 
interest,  but  is  of  little  use  for  practical  prediction  unless  the  "yard- 
stick" developed  can  serve  as  an  accurate  measure  in  a  laboratory  experi- 
ment, which  in  turn  can  be  used  as  a  valid  predictor  of  true  individual 
reaction  to  stress.     The  subjective  method  consists  of  the  individual, 
himself,  marking  down  or  otherwise  indicating  how  he  feels.     It  seems 
apocryphal  to  add  that  this  is  the  only  known  way  of  measuring  individual 
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feelings,  but  it  is  possible  that  in  the  future  some  more  accurate  measure 
may  be  developed.    The  objective  method  consists  of  the  examination    of 
the  individual  by  means  of  various  tests  ,  and  comparing  the  results  with 
each  other  or  some  standard .     Each  of  these  methods  will  be  examined 
in  this  chapter.     Before  proceeding  with  this  task,  however,  it  is  im- 
portant to  insert  one  parenthetical  remark  about  the  general  topic  of  measur- 
ment.     There  seems  to  be  a  great  amount  of  "negative"  research  in  this 
area— demonstrating,  for  example,  that  particular  methods  of  measuring 
are  not  valid  or  reliable.    This  is  explained  by  the  fact  that  it  oftentimes 
is  very  worthwhile  to  know  that  a  particular  measure  which  has  been  widely 
accepted,  is,  in  fact,  not  an  effective  measure.     Faulty  measures  produce 
erratic  results . 

There  are  two  common  physiological  methods  of  measuring  fatigue 

2 
which  have  been  in  more  or  less  continual  use  over  the  past  15  years. 

One  of  these,  which  employs  the  "ergograph"  is  used  to  measure  "physical" 
fatigue.     In  this  method,  the  extent  of  specific  muscle  pull  (usually  of  the 
finger  muscle)  ,  against  a  known  weight,  is  recorded  continually  until  ex- 
haustion is  reached.     The  other  method,  a  phenomenon  known  as  "critical 
flicker  fusion"  is  used  to  measure  "mental"  as  well  as  "physical"  fatigue. 
In  this  method,  a  disc  consisting  of  alternating  black  and  white  sectors, 
is  rotated  before  an  observer  until  it  appears  gray.    The  speed  at  which  this 

phenomenon  occurs  is  lower  when  fatigue  is  greater.    A  19  52  study  by  Pieron 

3 
indicated  the  value  of  this  method  of  measuring.       He  showed  that  flicker 

fusion  not  only  was  sensitive  enough  to  measure  "physical"  and  "mental" 
fatigue,  it  also  could  measure  the  fatigue  resulting  from  sleeplessness, 
and  could  show  the  recovery  caused  by  an  ingestion  of  caffeine  on  a 
sleep-deprived  subject. 

By  far  the  more  useful  of  these  two  measuring  methods  from  the  stand- 
point of  this  study  is  the  flicker  fusion  phenomenon.     Some  of  the  appli- 
cations  and  limitations  developed  are  worthy  of  note.     For  example,  Brozek, 
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Simonson,  and  Taylor  provided  an  important  restriction  to  its  use. 

After  conducting  a  study  in  which  they  examined  fitness  under  various 
types  of  strain--such  as  strenuous  visual  work  under  varying  illumi- 
nation, library  and  laboratory  work  under  moderate  stress,  various  acti- 
vities under  nutritional  stresses  such  as  starvation  or  prolonged  semi- 
starvation,  and  thiamine  deficiencies—and  activities  under  severe 
stresses — such  as  sleep  deprivation  for  two  nights,  hard  physical  work, 
hot  environment- -they  concluded  that  fusion  level  could  not  serve  as 
an  accurate  measure  of  the  degree  of  involvement  of  the  central  nervous 
system  for  biological  stresses  of  the  type  applied , 

Another  interesting  note  about  flicker  fusion  was  divulged  in  a  1955 
study  by  Davis  0       In  using  visual  flicker  fusion  and  auditory  flutter 
fusion,  a  comparable  phenomenon,  to  measure  the  worsening  of  perform- 
ance after  two  hours  of  mental  arithmetic,  he  found  that  both  showed 
traces  of  declination  in  performance.    More  important,  however,  after 
one  hour,  he  noted  decrement  in  the  auditory  measure,  and  none  in  the 
visual  one,  causing  him  to  conclude  that  auditory  flutter  fusion  may  pro- 
vide a  more  sensitive  and  convenient  fatigue  index  than  visual  flicker 
fusion. 

A  very  fascinating  attempt  to  find  an  accurate  measure  was  recounted 
in  a  study  by  Ryan.       Measuring  fatigue  caused  by  excessive  glare  while 
the  subjects  were  performing  a  simple  task,  he  attempted  to  utilize 
muscular  potentials  measured  at  the  tibialis  anterior  of  the  leg,  the  tri- 
ceps muscle  of  the  "inactive"  arm,  the  two  ear  lobes,  and  the  trapezius 
at  the  base  of  the  neck  on  the  "inactive"  side.     (The  "inactive"  arm  repre- 
sented the  left  arm    in  the  case  of  a  right-handed  individual,  and  right  for 
left-handed.)    He  found  that  muscle  tension  was  a  significant  measuring 
device,  but  was  not  as  fine  a  differentiator  as  visual  flicker  fusion.  He 
hypothesized  that  muscular  tension,  flicker  fusion,  and  auditory  flutter 


44 


were  all  related  to  the  broad  function  of  the  central  nervous  system, 
and  so  could  be  valid  measuring  methods  for  various  types  of  fatigue „ 
There  have  been  a  multitude  of  other  indicators  developed  in  the 
physiological  areaa     Some  seem  quite  obvious;  others  seem  so  remote 
that  an  observer  wonders  whatever  caused  the  scientists  involved  to 
"discover"  them.    Sung-Ken  Quo,  for  example,  found  that  in  the  appli- 
cation of  a  specially  constructed  hammering  device  to  the  knees  of  160 
strenuous  mental  workers ,  he  had  an  accurate  and  simple  method  of 
measuring  mental  fatigue  which  was  reliable,  both  in  the  daytime  and 

the  nighttime,  and,  at  the  same  time,  measured  a  gradual  rise  as  the 

7 
working  hour  proceeded „      Another  measurement  technique  was  employed 

g 

successfully  by  Loewenstein  and  Lowenfeld.      They  recorded  eye  pupillary 
reactions  before  and  after  work  to  show  individual  differences  in  fatigue, 
and  used  "pupillograms"  to  present  their  findings.    In  a  1953  study,  a 
group  of  seven  doctors  studied  air  navigators  at  rest  and  after  a  long 
flight,  tried  a  variety  of  tests,  and  found  that  cardiovascular  observa- 
tions, and  electroencephalograms  provkled  useful  methods  for  measur- 

9 
ing .       Still  another  group  of  measuring  devices  have  been  employed  by 

Baker  and  Taylor.        In  their  study  of  stress  effects,  they  found  signifi- 
cant relationships  in  skin  temperature  differences ,  electrical  skin  re- 
sistance, and  pulse  rate.    Their  findings  about  skin  temperature  were 
of  especial  interest,  because  it  was  in  opposition  to  the  "traditional" 
idea  that  stress  causes  a  temperature  drop  in  the  skin.    Another  interest- 
ing measuring  method  in  the  area  of  stress  reaction  is  hippuric  acid  count., 
(Hippuric  acid  is  more  familiarly  known  as  the  major  component  of  horse 
urine.)    Studies  such  as  that    performed  by  Basowitz,  Korchin,  and 
Grinker  indicated  that  this  particular  measure  might  be  of  more  value 
as  an  anxiety  indicator  than  for  fatigue.       In  light  of  recent  research 
showing  the  "tie-in"  between  these  two  "effects"  ,  this  might  prove 
to  be  a  very  valuable,  if  somewhat  unusual,  measuring  medium.  Many 
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and  varied  are  the  measures  employed,  and  while  some  are  replaced  by 
more  "sophisticated"  means  with  the  passage  of  time,  the  fact  remains 
that  for  the  isolated  phenomenon  which  they  were  designed  to  measure 
they  performed  well. 

Most  of  these  measures  might  properly  be  termed  "biological"  or 
"metabolic"  .    An  interesting  study  by  Ross,  Hussman,  and  Andrews 

described  the  investigations  of  some  measures  for  anxiety  and  fatigue 

12 
which  might  be  termed  "physical"  .  These  included  steadiness,  body 

sway,  body  sway  time  score,  and  tapping  rate.    They  also  used  the  old 

stand-by—critical  flicker  fusion  frequency.    Their  findings  indicated  that 

the  best  indicators  of  bodily  fatigue  in  this  group  were  hand  steadiness,  and 

body  sway,  and  that  all  the  others  must  be  analyzed  from  trial  to  trial,  both 

for  errors  and  individual  differences . 

Another  indicator,  which  was  suggested  by  Johannes  Voigt,  is  very 
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difficult  to  fit  into  any  category 0  '     This  is  handwriting  size     He  considered 

that  all  the  other  commonly  used  performance  and  physiological  measures 
were  too  gross,  or  that  they  were  too  limited,  being  confined  to  one  aspect 
of  fatigue,  only.    He  found  that  the  size  of  handwriting  increased  as  an 
effect  of  prolonged  arithmetic  work,  and  he  considered  the  change  in  size 
a  valid  indicator  of  fatigue  in  the  central  nervous  process.,    He  found  it 
sensitive  to  the  effects  of  rest  periods,  both  conscious  and  unconscious 
attitudes,  and  other  psychological  functions .    He  found  it  particularly  valu- 
able   in  comparing  the  effects  of  various  kinds  of  work—and  in  measuring 
the  differences  in  susceptibility  to  fatigue.    This  is  especially  interesting 
because  it  effectively  shows  the  interrelationship  between  the  "effects" 
and  the  "measurement"  areas  of  study;  in  size  of  handwriting,  fatigue 
was  measured  by  examining  an  effect  and  quantifying  the  results . 

Not  all  the  attempts  to  find  adequate  measures  have  proven  success- 
ful, as  indicated  earlier.    A  study  by  Krkovic  provides  a  good  example  of 

14 
a  projected  measure  which  did  not  come  up  to  expectations.        He  examined 
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persons  fatigued  by  means  of  a  step  test,  by  prolonged  mental  work, 
and  by  a  sleep  loss  of  30  hours  duration,  using  acuity  of  stereoscopic 
vision  as  his  measuring  criterion.    He  found  that  the  criterion  did 
show  some  indications,  but  was  not  sufficiently  sensitive  to  serve 
as  a  measure  of  fatigue  .    In  another  study,  contemporaneous  with  this, 
Vidacek  examined  two  indicators ,  and  found  one  did  not  perform  as  ex- 
pected while  the  other  did.        In  his  tests  he  compared  arm  movements 
and  fist  pressure  as  measures;  he  found  that  the  differentiation  pro- 
vided by  arm  movements  was  not  statistically  significant ,  while  fist 
pressure  as  measured  on  a  mercury  dynamometer  was  highly  satisfactory. 

In  examining  the  various  methods  of  physiological  measurement  from  the 
vantage  of  a  broad  over-view,  it  is  very  difficult  to  make  valuable  gener- 
alizations concerning  their  relative  merit  in  measuring  fatigue  as  the 
destroyer  commanding  officer  experiences  it.  Many  of  them  require  compli- 
cated apparatus  and  laboratory  facilities  for  implementation;  nearly  all 
require  thoroughly  trained  and  highly  skilled  analysis  to  interpret  their 
results  .    Oftentimes  the  individual  measures  are  limited  in  that  they 
apply  to  one  or  another  of  the  various  "fatigues"  ,  but  have  doubtful 
or  untested  value  for  others .    There  are,  nevertheless,  some  situations 
where  the  physiological  measures  are  of  considerable  value.    One  such 

1  c 

situation  is  described  by  Davis  in  his  study  concerning  stress  in  combat. 
In  the  course  of  a  field  study  of  combat  soldiers ,  he  recorded  reactions 
to  physiological  tests,  not  really  intending  to  use  them.    He  found,  how- 
ever, that  the  objective  psychological  tests  which  he  had  expected  would 
provide  the  accurate  means  of  measurement  he  sought,  were  unusable 
because  the  test  conditions  could  not  be  controlled.    The  physiological 
measures,  with  much  more  gross  control  requirements,  could  be  utilized, 

and  did  provide  him  with  usable  data.    On  the  "opposite  side  of  the  coin" 

17 
are  the  results  of  an  extensive  study  by  Homstra.        He  examined  13 
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different  physiological  measures  and  considered  that  they  were  all  in- 
adequate. His  hypothesis  was  that  the  only  feasible  measure  was  one 
related  to  performance--some  sort  of  a  "paper  and  pencil"  test.  Bujas 

and  Petz,  in  a  later  comparative  study,  reported  on  other  aspects  of 

18 
the  problem.        They  found  that  many  tests  failed  to  detect  the  be- 
ginnings of  fatigue  at  all ,  and  some  only  detected  fatigue  near  the  ex- 
haustion point.    They  considered  that  examination  should  be  directed 
toward  complex  functions  rather  than  simple  ones  as  often  performed  in 
the  laboratory,  because  they  believed  that  fatigue  of  a  simple  function 
is  often  first  observable  in  the  disorganization  of  a  large  structural  task, 
rather  than  in  the  physiological  measure  of  some  small  partial  processes. 

Recent  studies,  however,  still  indicate  valuable  uses  for  physiological 

19 
measure.    A  recent  study  by  Longo  and  Doll  provides  a  case  in  point . 

They  concluded  that  muscular  tension  might  have  considerable  potential 
value  as  a  predictor  for  individual  stress  susceptibility .     In  another  study, 
Williams,  Granada,  Jones,  Lubin,  and  Armington  examined  two  physio- 
logical measures- — pulse  volume  and  electroencephalograph  frequency — 

20 
as  measuring  agents  for  sleep  deprivation  experiments.         They  found 

that  both  methods  had  merits ,  but  that  the  electroencephalograph  was 

always  the  better.    For  the  future,  the  physiological  measures  should 

continue  to  have  significance,  especially  if  simple  measures  can  be 

developed  for  measuring  complex  effects  which  can  be  interpreted  by 

people  in  the  field  without  costly  specialized  training. 

If  the  area  of  "physiological"  measurement  has  shown  a  wide  and 
varied  research  effort,  the  area  of  "subjective"  measurement  has  shown 

remarkable  little.    So  called  "fatigue  scales"  are  available,  such  as 

21 
those  manufactured  and  sold  by  Psychometric    Affiliates  .        Their  product 

is  composed  of  three  devices  called  respectively,  "Industrial  Subjec- 
tive Fatigue  and  Euphoria  Scales  "  ,  "Retrospective  Work  Curve  Feeling 
Scales"  ,  and  "Mothers'  Day  Fatigue  Scales."    They  are  quickly 
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answered  by  subjects,  who  tear  the  margin  of  the  scale  to  indicate  their 
answers.    On  the  "Fatigue  and  Euphoria  Scale"  ,  the  subject  chooses 
between  feelings  of  fatigue  and  pleasantness;  on  the  other  two,  the  sub- 
ject is  asked  when  he  is  most  tired  and  answers  multiple  choice  questions 
concerned  with  the  reasons  for  these  feelings.    Retest  and  equivalent 
reliability  and  general  norms  have  been  developed  for  each  scale,  and 
are  included  in  the  "kit"  . 

Another  type  of  development  in  this  area  is  the  checklist  approach., 

In  1956,  Pearson  and  Byars  developed  such  a  checklist  for  measuring 

22 
"subjective"  fatigues.         The  equivalent  form  reliability  of  this  list  was 

established  at  ,92  and  .95  for  experimental  and  control  groups  respec- 
tively.   Another  interesting  method  has  been  employed  by  researcher 

23 
Patricia  Cain  Smith .         In  a  study  primarily  concerned  with  suscepti- 
bility to  monotony,  she  used  weighted  criterion  questions  to  establish 
subjective  feelings.    A  brief  excerpt  from  the  study  illustrates* 

The  remainder  (of  the  questions)  were  further  modified  so 
that  they  could  be  used  in  questionnaire  form,  and  several  others 
that  seemed  relevant  were  added  .   .   .   .   After  several  revisions  , 
the  questionnaires  were  administered  to  seventy-five  workers, 
including  those  observed  in  this  study  .   .   .   .  The  answers  to 

the  criterion  questions  were  item-analyzed  against  total  score, 

2  4 

and  a  weighted  criterion  score  devised.    ^ 

"Subjective"  measurement  is  not  far  developed.    Most  researchers 
recognize  the  problem  of  the  variability  of  human  "feeling"  .    It  seems, 
however,  that  if  a  method  can  be  developed  for  evaluating  comparatively 
individuals'  feelings,  a  significant  breakthrough  will  have  been  achieved. 

For  the  purposes  of  prediction,  at  the  present  time,  the  area  of 
"objective"  measurement  is  closest  of  the  three  to  providing  a  useful 
working  tool,     Even  in  this  area,  however,  progress  has  not  been  rapid. 
Part  of  the  difficulty,  undoubtedly,  is  caused  by  the  hazy  definition  of 
what  is  to  be  measured.    Another  part  of  the  problem  is  the  multi- 
dimensional characteristics  of  fatigue,  which  help  make  measurement 

49 


complex.    With  this  comes  the  attendant  problem  of  which  variables  to 
isolate,  since  fatigue  must  be  "broken  down"  into  workable  "pieces"  for 
analysis.     Still  another  difficulty  is  caused  by  the  fact  that  fatigue  changes 
with  time.     Equally  significant  is  the  wide  variety  of  individual  differences. 
To  provide  a  satisfactory  "objective"  measure  for  the  effects  of  stress  is 
indeed  a  sizeable  task. 

One  of  the  most  important  of  the  ways  in  which  the  "effects"  can  be 
examined  objectively  is  in  the  miniature  work  situation.    As  long  ago  as 
1950  ,  Brozek  and  Monke  recognized  the  fact  that  the  conventional  labo- 
ratory experiment  examined  conditions  quite  unlike  those  experienced  in 

25 
the  "normal"  everyday  situation.         They  found  that  the  laboratory  pro- 
cedure was  too  abstract;  they  considered  in  the  "real  life"  situation  the 
important  variables  were  not  and  could  not  be  controlled.    They  believed 
that  they  found  a  suitable  compromise  solution  in  a  miniature  work  situ- 
ation where  the  "man-machine"  adaptations  and  the  effects  of  the    physical 
environment  could  be  studied.    One  very  useful  adaptation  of  this  idea  is 
in  the  realm  of  situational  testing.     In  this  method,  the  unusual  problem 
may  be  examined  in  a  known  environment;  the  effectiveness  of  the  decision 
maker  in  coping  with  the  situational  stresses  and  the  complexities  of  the 
problem,  provide  a  useful  evaluation  tool.    In  1951,  Kuhlen  made  the  point 
very  clearly  that  situational  testing  could  be  adapted  to  stress  research . 
He  suggested,  for  example,  that  this  method  of  testing  might  be  used  to 
study  trends  in  psychological  adjustment  encountered  as  a  result  of  aging, 
change  in  marital  status,  and  combat  experience.     Many  other  variables 
might  be  selected;  the  medium  seems  quite  flexible.     That  the  procedure 
may  be  better  understood,  it  is  well  to  examine  a  practical  study.    In  one 

such  study,  Voas  ,  Bair,  and  Ambler  examined  the  relationship  between  mani- 

27 
fest  fear  in  flight  training,  and  behavior  in  a  manifest  stress  situation. 

They  tested  the  reactions  of  Naval  air  cadets  under  simulated  high  altitude 
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conditions  in  a  decompression  chamber,  and  compared  the  results  with 
data  obtained  in  answer  to  questions  about  flying  anxiety  answered  by 
students  who  withdrew  from  the  training.    They  found  that  significantly 
more  of  those  who  later  withdrew  had  revealed  their  anxiety  reactions 
in  the  decompression  chamber  than  did  successful  cadets     Situational 
testing  can  indicate  something  about  failure  under  stress.    Would  it  not 
be  better  to  find  that  a  potential  commanding  officer  could  not  operate 
under  stress  in  the  safety  of  a  shore-based  laboratory,  than  to  find  out 
"after  the  fact"  ,  as  a  result  of  a  board  of  inquiry,  or  some  other  fact-find- 
ing panel? 

An  extremely  large  portion  of  the  "objective"  research  has  been  de- 
voted to  efforts  to  use  the  results  of  the  Rorschach  and  other  projective 
tests.     Part  of  the  reason  for  the  large  quantity  of  research  in  this  area 
is  that  many  of  the  findings  have  been  contradictory  and  controversial , 
involving  not  only  the  considerable  skepticism  and  suspicion  which  sur- 
round projective  tests  in  general,  but  also  some  doubts  regarding  the 
validity  of  specific  findings.    In  one  of  the  early  studies  using  Rorschach 
results,  for  example,  Smith  and  George  found  that  the  "F"  factor  was  a 

satisfactory  predictor  for  reaction  to  a  verbally  induced  stress  for  subjects 

28 
up  to  age  29,  but  that  it  was  unsatisfactory  for  older  subjects.         Such 

findings  as  this  inspire  a  welter  of  questions — most  of  which  are  unanswer- 
able.   What  is  so  "sacred"  about  age  29?    What  is  the  dividing  line  be- 
tween a  satisfactory  predictor  and  an  unsatisfactory  predictor?  Would  the 
Rorschach  factor  serve  as  an  adequate  predictor  for  those  subjects  which 
it  predicted  successfully  prior  to  the  29th  birthday,  after  the  29th  birth- 
day?   Is  there,  perhaps,  some  factor  other  than  age  which  causes  the 
difference  in  results  which  was  masked  to  the  experimenters  because  of 
the  obviousness  of  the  age  bracketing?    As  a  result  of  questions  such  as 
these,  many  consider  the  Rorschach  worthless;  its  use  seems  to  create 
more  new  questions  than  answers  to  old. 
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The  mixed  feelings  among  the  psychologists  can  best  be  seen,  per- 
haps, by  examining  several  specific  studies  regarding  the  conclusions 
drawn  by  the  several  authors.     Eriksen,  Lazarus,  and  Strange  could  find 

no  relationship  between  performance  under  psychological  stress  and  any 

29 
of  several  different  personality  measures  In  addition,  they  could  find 

no  relationship  between  performance  under  stress  and  any  Rorschach  vari- 
able.    It  is  of  parenthetical  interest  that  they  did  find  that  the  Guilford- 
Martin  inventory  of  factors  and  the  Gamin  and  Bell  adjustment  inventory 
indicated  that  subjects  who  improve  under  stress  were  generally  more 
ascendant,  and  tended  to  have  more  self-confidence.    In  another  Rorschach 
study,  Carlson  and  Lazarus  repeated  an  experiment  which  Meyer  Williams 

on 

had  performed  at  an  earlier  time .  °      The  original  study  had  indicated  a  high 
relationship  between  performance  under  stress  and  Rorschach  measures  of 
emotional  and  intellectual  control .    The  authors  reported  that  they  repeated 
the  experiment  carefully  using  the  Wechster-Bellevue  Digit-Symbol  test, 
and  found  no  relationship  whatsoever  between  the  Rorschach  results  and 
worsening  of  performance  under  stress.     The  results  are  not  all  negative, 

however.    On  the  positive  side  of  the  ledger  is  the  outcome  of  a  study  by 

31 
Lofchie.        He  used  the  Rorschach  Index  of  Perceptual  Maturity  as  a  pre- 
dictor with  some  success.    He  found  that  those  persons  scoring  higher 
on  the  Rorschach  generally  performed  better  on  a  psychomotor  task  under 
conditions  of  distraction  stress  than  those  with  lower  scores .     In  a  recent 
comparative  analysis  of  several  projective  tests,  Loveland  and  Singer 

examined  how  well  the  tests  determined  response  changes  and  predicted 

32 
behavior  under  sleep  deprivation.         Their  conclusion  was  that  the 

Rorschach  test,  alone,  was  sufficient  to  evaluate  the  efficiency  of  the 

subject  in  mental  and  psychomotor  tasks,  and  to  predict  accurately 

whatever  he  would  hallucinate  under  sleep  deprivation,,    In  summary,  it 

seems  as  if  too    much  emphasis  has  been  placed  on  the  value  of  Rorschach 

test  results.    There  is  no  denying  that  there  is  value  in  such  tests,  as  in 
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other  projective  types.,    Very  few  seem  to  be  willing  to  trust  the  Rorschach 
to  stand  alone ,  however.  Would  it  not  be  more  profitable  to  work  on  other 
testing  means  ,  such  as  the  situational  tests ,  or  the  personality  factor 
inventories,  and  relegate  the  projective  test  to  a  position  as  an  accessory 
test?    Such  a  policy  seems  worthy  of  consideration. 

Just  as  the  use  of  projective  tests  suggests  a  connection  between  the 
subconscious  ,    the   personality,  and  the  propensity  for  fatigue,  so  some 
of  the  other  research  in  measurement  suggests  a  connection  with  other 

parts  of  the  study  of  psychology.     Do  Russell  Davis,  for  example,  found 

33 
a  link  between  fatigue  and  psychological  drive  theory.         In  one  of  his 

studies,  he  showed  how  frustration  or  satiation  each  could  create  anxiety, 

which  in  turn  could  cause  work  impairment  and  tiredness.     The  implication 

is  that  the  secret  to  prediction     may  lie  in  measuring  degrees  of  frustration 

or  satiation,,    Feffer  and  Phillips,  in  another  study,  developed  the  hypothesis, 

related  to  motivation  theory,  that  normal  subjects  with  high  social  attainment 

34 
perform  better  than  others  who  do  not  "mix"  as  well„         This  hypothesis,  inci- 
dentally, was  verified,  as  they  found  evidence  to  support  the  implication 
that  marked  social  inadequacy  frequently  denoted  pronounced  inability  to 
cope  with  stress. 

The  real  importance  of  the  studies  into  the  "objective"  measurement 
of  fatigue  seems  to  lie  in  the  close  relationship  to  "prediction"  .     "Pre- 
diction" ,  of  course,  is  the  first  step  to  "control"  .    Of  all  the  measuring 
methods  available,  the  most  valuable  from  a  predictive  point  of  view,  is 
psychiatric  screening.    Unfortunately,  this  method  is  expensive  in  time, 
both  for  subjects  and  the  limited  number  of  psychiatrists  available,  and, 
of  course,  as  a  corollary,  in  money.     Perhaps  the  answer  may  lie  in  more 
training  in  psychiatric  technique  for  "general  medical  practitioners";  per- 
haps the  answer  lies  in  "downgrading"  the  screening  so  that  it  can  be 
administered  by  the  less  highly  trained  psychologists.     Certainly,  the 
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benefits  which  might  accrue  from  a  regular  program  of  psychiatric  test- 
ing should  not  be  "written  off"  as  unattainable,  for  they  are  too  valu- 
able .    A  study  prepared  by  Holtzman  and  Bitterman  gives  ample  testi- 

35 
mony  to  this  fact,         Their  description  of  how  potential  flying  per- 
sonnel are  screened,  and  how  emotional  conditions  which  are  precipi- 
tated by  an  anticipation  of  combat  and  the  actual  stress  of  combat,  may 
be  measured  and  predicted,  seems  to  have  considerable  value  for  a  pro- 
gram of  screening  for  other  personnel. 

Assuming,  however,  that  such  a  program  is  infeasible  in  the  short- 
run  situation ,  it  becomes  important  to  find  some  other  method  which 
might  be  employed  in  conjunction  with  the  situational  testing  and  the  pro- 
jective testing  mentioned  heretofore.     Some  very  valuable  tools  have 
been  developed  in  the  guise  of  "paper  and  pencil"  tests  „    Such  a  series 
of  tests  is  the  Minnesota  Multiphasic  Personnel  Inventory,    Eschenbach 
and  Duprea  provide  a  good  example  of  the  use  of  one  such  test,         They 
administered  the  test  to  22  males  in  what  they  termed  a  "realistic  sur- 
vival situation"  containing  conditions  of  fatigue,  stress,  and  anxiety. 
They  found  definite  predictable  trends  on  the  various  scales  and  high  test 
retest  reliability.     This  is  certainly  an  encouraging  report.     Good  "pre- 
diction" may  be  available  at  relatively  low  cost. 

One  general  trend  seems  to  pervade  all  the  work  in  "prediction"; 
it  is  so  important  that  it  merits  being  singled  out  for  special  emphasis. 
This  is  the  fact  that  one  test  alone  is  not  enough „     In  a  19  52  study ,  for 
example,  Deese  and  Lazarus  used  Rorschachs  ,  subjective  ratings,  obser- 
vations of  tremor,  perspiration,  and  degree  of  verbalization,  as  well  as 
measuring  deterioration  in  performance,  in  an  experiment  predicting  and 
measuring  the  effects  of  stress.         Brozek  and  Taylor  concluded  that  a 
combination  of  a  battery  of  tests  of  motor  functions  and  physical  indices 
of  ability  to  perform  hard  physical  work,  measured  deterioration  in  the 
presence  of  stress  better  than  either  method  by  itself,  and,  at  the  same 
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o  o 

time,  provided  a  more  meaningful  method  to  determine  fitness  .         One 

development  from  the  multi-measure  concept  has  been  the  use  of  fac- 

39 
torial  analysis  o     Holtzman  and  Bitterman  performed  such  a  study,,       They 

found  it  useful  to  use  ratings  of  personality,  ratings  of  officer  aptitude, 
objective  and  subjective  personality  tests,  physiological  measures  of 
performance  under  stressful  circumstances,  galvanic  skin  response  per- 
ceptual tests,  as  well  as  the  analysis  of  urinary  components,  in  studying 
Air  Force  R.O  T.C.  cadets  in  an  attempt  to  predict  reactions  to  stress  „ 
The  trend  to  multiple  measurements  enables  better  prediction,  since  many 
of  the  inaccuracies  "wash  out"  ,  and  a  more  accurate  analysis  remains . 

The  area  of  measurement  and  prediction  of  fatigue  is  dynamic.  Method- 
ology and  procedures  are  becoming  smoother  and  more  accurate  with  the 
passage  of  each  day.     There  can  be  no  doubt  that,  today,  if  such  a  pro- 
gram were  desired,  prospective  commanding  officers  could  be  placed  in 
controlled  experimental  stress  situations  in  which  they  could  be  required 
to  make  decisions  much  the  same  as  those  which  they  would  have  to  make 
on  board  ship.     Furthermore,  their  reactions  might  be  predicted  from  avail- 
able tests,  and  measured  by  available  measures  of  all  three  categories-- 
physiological,  subjective,  and  objective .     It  is  possible  that  the  results 
would  not  be  meaningful,  since  even  a  realistic  laboratory  situation  could 
not  achieve  the  finality  of  the  "real"  thing.     It  seems  likely,  however, 
that  those  who  "flunk"  in  the  laboratory  are  the  ones  most  likely  to  "flunk" 
in  the  actual  situation.     It  somehow  seems  better  to  eliminate  the  "risks"  , 
even  in  the  face  of  the  nagging  possibility  that  some  of  the  officers  elimi- 
nated might  possibly  not  have  failed  under  actual  stress.    It  must  be  ad- 
mitted that  this  does  create  a  dilemma--how  to  treat  those  officers  who 
"flunk"  the  stress  test.     It  seems,  however,  that  there  are  many  positions 
in  the  service  where  such  persons  could  serve    with  honor;  it  seems  the 
blow  to  individual  "ego"  is  hardly  so  serious  as  to  warrant  placing  many 
lives  in  possible  jeopardy.     It  is  not  inconceivable  that  a  system  could 
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be  devised,  where  failure  on  such  a  test  would  carry  no  professional 
stigma.     Perhaps  the  Navy  is  not  ready  for  this  yet„     It  seems  that  with 
a  relatively  small  "educational"  effort,  there  might  be  a  very  big  pay- 
off.    It  certainly  seems  that  an  examination  system  is  well  worth  this 
price  „ 
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CHAPTER  IV 

THE  ALLEVIATION  AND  CONTROL  OF  FATIGUE 

In  many  respects,  this  section,  concerning  the  alleviation  and 
control  of  fatigue,  is  the  most  interesting  one  of  this  study.     One  reason 
for  this  is  that  it  is  an  area  of  positive  approach,  while  the  other  areas 
seemed  either  neutral  or  negative,    A  second  reason  is  that  this  is  a 
highly  practical  area,  while  earlier  areas  considered  situations  which 
were  difficult  to  visualize  in  other  than  the  laboratory  environment, 
Third,  this  area  seems  much  closer,  much  more  personal,  that  the  others  . 
It  is  almost  as  if  this  area  were  composed  strictly  of  "first"  and  "second 
person"  information,  and  the  other  areas  were  "third  person." 

This  section  of  the  study  has  been  subdivided  into  three  parts .  In 
the  first,  various  studies  which  bear  on  alleviating  and  controlling  fatigue 
are  reviewed  and  discussed;  in  the  second,  applications  and  findings  are 
discussed  and  recommendations  made  from  the  standpoint  of  the  individual 
Naval  officer;  in  the  final  part,  policy  and  procedural  recommendations 
are  suggested  for  the  Navy  as  a  whole.    This  part  also  includes  the  general 
conclusions  gathered  from  the  entire  study. 

Perhaps  the  best  known  portion  of  the  research  into  alleviation  is 
that  part  which  has  been  concerned  with  physical  fitness .     Physical  fit- 
ness, of  course,  received  a  great  boost  through  the  positive  interest  and 
intensive  campaign  of  the  late  President,  and  the  adoption  of  compulsory 
standards  of  physical  fitness  throughout  the  armed  services  .    Interest- 
ingly enough,  completely  apart  from  this  program,  the  research  into  fatigue 
has  disclosed  that  improved  physical  fitness  means  improved  capability  to 
resist  stress.    Where  the  discrepancy  between  the  fatigue  research  and 
the  fitness  program  seems  to  lie  is  in  what  constitutes  physical  fitness, 
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and  how  it  should  be  measured.    There  is  some  doubt  whether  a  prescribed 
number  of  particular  muscle  exercises  performed  once  every  ninety  days 
is  a  good  measure  of  the  type  of  fitness  required  of  our  Naval  officers. 
It  is  beyond  the  scope  of  this  paper  to  develop  such  a  measure;  the  intent 
here  is  merely  to  doubt  it ,  and  suggest  that  a  much  more  meaningful  pro- 
gram and  set  of  standards  might  be  developed—especially  for  Naval  of- 
ficers o 

Different  researchers  have  emphasized  different  aspects  of  fitness; 
many  of  the  results  are  interesting  and  enlightening  as  they  suggest  that 
some  of  our  "common  practices"  might  well  be  overhauled.    One  such  study, 
performed  by  Simonson,  Brozek ,  and  Keys,  examined  the  importance  of  parti- 
cular diets  to  fitness        They  performed  a  detailed  study  in  which  they 
examined  comparatively  the  effects  of  no  food,  of  a  "standard"  meal,  of 
a  high-fat  meal,  and  of  a  low-carbohydrate  meal,  each  of  which  meals 
contained  about  1300  calories,  on  visual  performance  under  stress.    The 
subjects— six  young  men— were  measured  by  means  of  blinking  rates  and 
opthalmological  tests,  and  subjective  questionnaires.     The  experimenters 
determined  that  none  of  these  meals  might  be  considered  optimal  for  all 
conditions.     They  did  find,  however,  that  visual  performance  after  the 
carbohydrate  meal  was  poorest,  but  subjective  physical  discomfort  least. 
For  best  visual  performance,  alone,  the  "standard"  and  high-fat  meal  are 
the  best„     Perhaps  diet  should  be  governed  by  the  anticipated  stress  rather 
than  vanity  or  unreliable  appetite. 

Another  interesting  aspect  of  the  research  concerned  with  fitness,  has 
been  the  examination  of  the  relative  duration  of  work  periods  to  determine 
the  timing  and  optimal  length  of  "breaks"  .    In  one  study  concerned  with 
this  problem,  Griffith,  Kerr,  Mayo,  and  Topal  examined  379  manual,  office, 
and  supervisory  employees  with  a  subjective  tear^ballot  type  of  test  to 
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determine  relative  feelings  of  weariness  and  restfulness  during  an  eight- 

2 
hour  working  day.       Uniformly,  their  subjects  reported  maximum  fatigue 

during  the  fourth  and  eighth  hour*     This  seems  to  suggest  that  the  best 

time  for  a  "break"  would  be  in  the  fourth  hour,,     In  a  later  study,  how- 

3 
ever,  Bornemann  suggested  a  different  solution.       He  suggested  that 

5  to  10  minute  pauses  were  more  valuable  than  long  breaks  in  inducing 
rapid  recovery  from  fatigue.     He  also  recognized  a  cumulative  effect.  He 
hypothesized  that  during  the  course  of  the  day,  the  "breaks"  never  com- 
pletely restored  the  workers  and  he  therefore  concluded  that  lunch  time 
might  be  better  timed  two-thirds  of  the  way  through  the  "eight  hour  day" 
than  at  the  mid-point.    Although  destroyers  at  sea  do  not  observe  "eight 
hour  days"  ,  it  might  prove  most  enlightening  to  set  up  an  underway  sched- 
ule using  Bornemann's  findings. 

4 
The  idea  of  "breaks"  is  pursued  in  greater  detail  by  Schmidtke. 

In  an  analysis  of  the  problems  encountered  in  moderately  heavy,  as  well 
as  light,  work,  he  found  that  at  a  set  tempo  of  operations,  he  could 
actually  cause  "fatigue"  to  diminish  by  using  2  to  8  minute  "breaks'". 
This,  of  course,  is  only  a  temporary  phenomenon,  and  will  disappear  over 
time,  but  it  points  up  most  lucidly  what  can  be  accomplished  through  care- 
ful timing  and  work  measurements.     The  crux  of  this  study  was  that  job 
efficiency  for  all  could  be  improved  considerably  by  the  scientific  appli- 
cation of  "breaks" „ 

Another  very  interesting  part  of  the  alleviation  research  has  been 
concerned  with  the  analysis  of  bodily  reactions  to  stress,  and  the  use  of 
various  drugs,  either  in  treatments  to  improve  resistance,  or  as  resto- 
ratives.   One  such  pharmacological  study  was  performed  in  1952  by  Heim. 
His  most  significant  finding  was  that  fatigued  muscle  suffered  a  deficiency 
in  Vitamin  C.     This  caused  him  to  conclude  that  the  "impulse"  of  fatigue 
was  "switched  off"  at  the  lower  nerve  centers,  and  that  when  these  im- 
pulses reached  the  higher  centers,  conscious  fatigue  would  appear.     Based  on 
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this  hypothesis,  Heim  considered  that  some  "fatigues"  might  be  success- 
fully treated  by  analgesics  and  light  hypnotics.    Much  subsequent  re- 
search  has  been  devoted  to  attempts  to  use  such  drugs  in  this  fashion . 
In  an  interesting  study  published  by  two  Italians,  Caprini  and  Melotti, 
a  stimulating  drug  was  tested  as  a  possible  alleviator  for  "psycho- 
physical"  fatigue.       They  administered  coramina-glucosio  in  tablets 
to  a  large  number  of  truck  drivers  to  counteract  fatigue;  they  found  that, 
for  the  majority,  efficiency  was  increased  without  unpleasant  after  affects  „ 

In  another  of  the  "drug"  studies,  Seashore  and  Ivy  explored  the  use  of 

7 
analeptic  drugs  as  restorative  agents  in  relieving  fatigue.      In  a  compara- 
tive study,  in  which  they  examined  the  effectiveness  of  caffeine  sodium 
benzoate,  benzedrine  sulfate,  and  desoxyephedrine  hydrochloride,  in  com- 
bating fatigue  in  both  civilian  and  military  work  situations ,  they  made  some 
rather  significant  findings.    For  one  thing,  they  found  that,  for  all  three 
drugs,  deleterious  side-effects  were  practically  non-existent .    Of  the 
three,  they  found  benzedrine  the  most  effective,  caffeine  the  most  de- 
sirable from    a  subjective  viewpoint,  but  of  little  benefit  for  sensory- 
improvement,  and  desoxyephedrine  the  most  subjectively  unpleasant ,  but 
of  significant  benefit  for  sensory  improvement ,    This  study  may  sound  the 
"death  knell"  for  that  horror  of  all  destroyer  wardroom  horrors --that  pot 
of  coffee,  made  at  midnight  which  has  been  "thoughtfully"  left  simmering 

all  night  for  the  04-08  watch  and  the  navigator  I 

v 

Another  drug  experiment  was  conducted  by  Bujas ,  Vidacek ,  and 

Vodanovic  in  1960  to  investigate  the  effect  of  stimulating  drugs  on  work 

o 

output  of  a  physical  type.       In  this  study,  the  authors  compared  phenamine, 
ritaline,  preludin,  and  veronal.    They  found  that  stimulating  drugs  had 
almost  no  positive  effect  on  persons  who  were  physically  "fresh"  and 
were  well  motivated,  and  that  these  drugs   did  not  seem  to  be  of  much 
assistance  when  the  individuals  were  engaged  in  sub  maximal  physical 
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efforts  „     The  only  situation  in  which  they  noted  a  positive  effect  was 
in  "all-out"  physical  effort.  Parenthetically,  they  also  noted  that  the 
use  of  the  stimulator  did  make    the  subjects  "feel"  less  tired,  and  that 
using  them  did  not  at  all  slow  down  the  physical  processes  of  resti- 
tution after  fatigue  . 

In  another  recent  study,   Evans  and  Caldwell  examined  the  results 

of  a  series  of  tests  in  which  magnesium  salts  of  diaspartic  acid  were 

9 
evaluated  as  restoratives  .       The  principal  results  of  the  experiments , 

which  were  conducted  on  highly  motivated  persons,  was  the  disclosure 

-7 

I 

that  the  apartates  apparently  did  not  have  any  effect  whatsoever  on 
performance,  but  that  they  did  cause  the  subjects  to  "feel"  better  than 
they  did  after  administration  of  placebos . 

With  the  recent  emphasis  on  sleep  deprivation  in  the  stress  research, 
there  has  been  an  increased  interest  in  the  use  of  drugs  to  alleviate  some 
of  the  effects  of  this  stressor,     In  a  1959  study,  Komitsky,  Mersky,  Kessler, 
and  Dorff  examined  dextroamphetamine  as  a  possible  alleviating  agent  of 
some  of  these,  with  very  interesting  results.         In  the  course  of  the  study, 
they  discovered  that  the  amount  of  stress  used  (44-68  hours)  produced  a 
wide  variety  of  results  in  the  subjects  tested,  dependent  on  their  indi- 
vidual characteristics ,  and  that  only  those  who  were  least  affected  by 
the  sleep  loss  received  any  benefit  from  the  drug  at  all.    For  these  few, 
they  found    dextroamphetamine  did  cause  the  subjects  to  return  to  a  non- 
sleep  deprived  level  as  far  as  mental  lapse  type  of  errors  were  concerned; 
in  other  areas,  even  in  these  subjects,  they  found  little  if  any  noticeable 
alleviation  of  undesirable  effects  . 

In  general  the  results  of  drug  research  seem  mixed,  "salted"  with 
encouraging  developments  and  "peppered"  with  discouraging  set-backs. 
It  seems  to  be  a  field  of  great  promise,  however,  and  as  various  aspects 
of  fatigue  are  more  accurately  isolated,  it  should  become  easier  to  find 
drugs  to  counter  them.    At  any  rate,  this  is  a  part  of  the  research  where 
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there  seems  to  be  a  dynamic  opportunity  for  significant  future  break- 
through , 

One  of  the  most  interesting  and  important  of  all  the  aspects  con- 
cerned with  alleviation  is  what  is  familiarly  known  as  "man-machine" 
research.     Basically,  this  is  concerned  with  considering  the  man  and 
machine  as  integral  parts  of  the  same  system,  and,  in  effect,  building 
the  machine  as  if  the  man  were  one  of  the  parts.    Such  a  procedure 
recognizes  the  "costs"  of  excess  human  motion  and  work  just  as  much 
as  the  more  commonly  observed  mechanical  inefficiencies,     Many  rami 
fications  of  this  theme  are  possible  .    In  one  early  study  by  Schulte, 
for  example,  the  author  concerned  himself  mainly  with  the  design  of 
handles,  hand-wheels,  cranks,  and  adjustable  work  chairs  .        In  this 
study,  he  examined  anatomical  considerations  as  well  as  physiological 
studies  of  work  capacity.    Considerations  included  the  adaptation  of 
bodily  strength  to  mechanical  loads,  selecting  the  correct  muscle  system, 
using  the  simplest  bodily  movement,  avoiding  static  muscular  activity, 
insuring  free  blood  circulation,  providing  frequent  rest  pauses,  and  avoid- 
ing over-extended  work  postures.    The  implications  for  shipboard  use  are 
somewhat  subtle,  because  the  problems  of  physical  fatigue  encountered 
by  the  manual  worker  are  not  those  that  beset  the  decision  making  com- 
manding officer,  as  shown  before.    It  is  well  to  remember,  however,  that 
the  careful  design  of  such  simple  shipboard  items  as  desks  and  chairs  may 
greatly  affect  a  decision  maker .    Poorly  designed  furniture  might  critically 
lower  resistance  to  stress  i    This  conclusion  may  not  be  as  far-fetched  as 
it  might  seem  at  first  examination.    To  prove  the  import,  time  study  infor- 
mation would  have  to  be  obtained.    It  seems  safe  to  hypothesize,  however, 
that  such  studies  would  show  that  most  commanding  officers  spend  a  great 
deal  of  time  in  chairs  at  desks. 
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In  many  cases,  the  research  into  "effects"  or  "measurement"  has 
suggested  the  required  alleviatory  measures  so  completely  that  further 
development  in  this  section  seems  apocryphal.    Observations  of  fatigue 
problems  in  the  tropics  as  opposed  to  temperate  working  conditions,  for 
example,  suggest  the  need  for  employing  air-conditioning  equipment  to 
lessen  the  effects  of  the  stress.    Nevertheless,  a  variety  of  studies  have 
been  conducted  over  a  long  period  of  time ,  investigating  the  proper  ther- 
mal conditions  for  maximum  output  (minimum  fatigue)  .    One  particular 

study,  by  Thomas  Bedford,  summarized  the  previous  efforts,  and  set 

12 
forth  some  valuable  information  For  one  thing,  he  presented  a  very 

useful  subjective  concept  which  he  called  "thermal  comfort"  . 

In  Great  Britain ,  in  the  winter  months ,  people  engaged  on 
light  industrial  tasks  and  wearing  normal  indoor  clothing  are 
likely  to  be  comfortable  when  the  air  temperature  is  about  65°F„ 
o    .   .  Unless  the  temperature  of  a  factory  is  automatically  con- 
trolled variations  will  occur,  and  these  may  be  considerable  . 
It  is  therefore  desirable  to  know  the  limits  within  which  the 
temperature  should  be  maintained.    Analysis  of  some  3,000  ob- 
servations on  people  doing  light  work  showed  that  so  long  as 
the  air  temperature  lay  between  60     and  68   F,  ...    at  least 
70  per  cent  of  the  persons  questioned  were  quite  satisfied  with 
the  degree  of  warmth  provided,  and  never  more  than  14  per  cent 
suffered  actual  discomfort.    .    .    .    Such  a  range  of  temperatures 
can  suitably  be  regarded  as  a  comfort  zone  *13 

Bedford  also  discussed  temperature  with  regard  to  working  efficiency, 

accident  liability,  and  finally,  with  health.     In  a  very  engaging  summary 

in  which  he  "locked  horns"  with  the  problem  of  controlling  temperature 

in  industry,  he  cited  an  example  of  lightly  clad  soldiers  marching  in 

extreme  heat  with  relative  ease  under  certain  wind  conditions ,  who 

collapsed  when  the  temperature  was  changed  by  an  amount  less  than  2 

degrees  J    He  concluded  as  follows: 

During  the  war  it  was  recommended  by  the    Royal  Naval 
Personnel  Research  Committee  that  in  H,  M.  ships  the 
effective  temperature,  adjusted  for  radiation,  should  if  possible 
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be  kept  below  80°F.    With  calm  air  and  an  air  temperature 
of  90°F  this  represents  a  wet-bulb  temperature  of  72°F.  It 
is  a  reasonable  conclusion  that  for  active ,  yet  not  heavy, 
work  when  people  must  be  clothed    the  wet  bulb  temperature 
should  not  exceed  about  72°F,14 

This  seems  to  provide  a  good  target  for  our  own  ships  as  well . 

In  some  respects,  "subjective"  fatigue  seems  quite  close  to 
alleviation.    If  a  person  "feels"  tired,  it  would  seem  rather  simple 
to  progress  to  the  logical  next  step- -doing  something  about  it.  The 
problem  is  not  simple,  however,  as  has  been  demonstrated  hereinbefore. 
Neither  are  the  "feelings"  an  accurate  measure  of  fatigue,  nor  are  they 
differentiators  of  the  stress  that  has  caused  the  fatigue.  Some  research, 
then,  had  been  devoted  to  the  alleviation  of  the  "subjective"  part  of 
fatigue,  on  the  assumption  that  this  is  a  large  and  critical  area.    The 
approach  of  the  scientist,  characteristically,  depends  on  his  disci- 
pline .     Brouha,  the  noted  physiologist,  for  example,  stressed  the  im- 
portance of  physical  fitness  „        By  careful  selection  of  physically-fit 
workers,  by  making  working  environment  optimal,  and  by  using  ma- 
chines designed  for  maximum  efficiency,  while  causing  the  operator  the 
minimum  possible  stress  under  this  constraint,  he  believed     fatigue 
could  be  kept  at  a  minimum .    On  the  other  hand,  Hornstra,  an  eminent 
psychologist,  stated  that  except  for  muscular  fatigue,  he  considered 
fatigue  to  be  almost  entirely  emotional „        He  would  treat  fatigue,  thus, 
as  a  psychosomatic  expression  of  partial  frustration  which  was  part  of 
a  reversible  process.    Furthermore,  he  suggested  that  the  worker's  need 
satisfactions  must  be  examined  in  totality  to  see  if  his  needs  wee  being 
satisfied  as  a  result  of  the  task  performance      This  was  to  avoid  the  ten- 
dency to  examine  the  actual  task  to  see  if  it  was  congenial  and  need- 
gratifying  ,    The  distinction  seems  well  taken.    A  man  might  become 
quite  gratified  if  he  received  a  large  remuneration  for  collecting  garbage, 
even  though  he  received  no  gratification  whatsoever  from  the  job  itself. 
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One  familiar  approach  to  the  problem  of  alleviating  "subjective" 

fatigue  is  through  the  use  of  music „    McGehee  and  Gardner,  in  a 

17 
very  interesting  study,  examined  the  use  of  music  in  industry,, 

They  studied  production  on  a  highly  complicated  task  on  days  when 
music  was  played,  and  compared  it  with  performance  on  days  when 
music  was  not  played ,     They  found  no  significant  change    in  production— 
a  fact  which  disturbed  them  a  great  deal,  and  caused  them  to  launch 
into  a  very  complex  explanation  involving  long  established  goals  and 
counter-balancing  effects .    What  is  significant  about  the  study  with 
regard  to  this  report  is  that  music  apparently  made  the  workers  "feel" 
better.    86  per  cent,  for  example  thought  that  music  gave  them  a 
"lift"  when  they  were  tired;  74  per  cent  allowed  that  music  in  the  morn- 
ing made  them  feel  like  coming  to  work;  82  per  cent  said  that  if  they 
came  in  feeling  bad,  music  helped  them  feel  better;  73  per  cent  stated 
that  music  kept  the  job  from  "getting  on  their  nerves";  73  per  cent  con- 
sidered music  helped  to  break  the  monotony;  77  per  cent  felt  that  they 
had  more  "pep"  with  music,     On  the  negative  side,  only  4  per  cent  con- 
sidered music  interfered  with  their  work,  although  an  additional  21  per 
cent  said  that  they  had  no  opinion  one  way  or  the  other  on  this  question; 
6  per  cent  felt  that  music  made  them  nervous,  while  19  per  cent  stated 
that  they  were  unable  to  tell  whether  it  did  or  not.    These  data  seem 
conclusive;  music  can  have  a  real  value  in  the  alleviation  of  "subjective" 
fatigue. 

One  other  approach  to  the  individual  fatigue  problem  which  seems 
worthy  of  mention  is  the  development  of  a  "portable  alertness  indi- 
cator" ,  which  was  thoroughly  discussed  and  explained  in  a  study  by 

18 
the  noted  psychologist  and  educator,  John  L.  Kennedy.        The  back- 
ground of  the  project  as  described  by  Kennedy  is  almost  as  interesting 
as  the  project,  itself: 
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During  the  closing  phases  of  World  War  II,  it  was  reported 
that  German  scientists  had  been  working  on  an  automatic  device 
for  alerting  personnel,  such  as  pilots  when  they  were  in  a 
dangerous  condition  of  drowsiness  or  fatigue.    The  physiologist 
Kornmuller,  it  was  further  stated,  had  developed  a  portable, 
light  weight  device  for  using  brain-waves  as  a  physiological 
indicator  of  the  alertness  condition  of  the  subject,  particu- 
larly the  slowing  of  alpha  frequency  which  occurs  when  the 
subject  is  drowsy.     The  practical  device  was  so  constructed 
that  an  alarm  or  alerting  signal  would  be  turned  on  by  the  change 
in  frequency  of  the  alpha  rhythm  and ,  I  presume ,  would  be  turned 
off  when  the  alpha  rhythm  returned  to  its  normal  frequency  of 
around  10  cycles/sec.^ 

Because  of  this  report,  the  Special  Devices  Center,  Office  of  Naval 

Research,  working  with  Tufts  College,     Department  of  Psychology, 

evaluated  the  feasibility  of  the  idea.    They  built  a  successful  model 

which  could  be  used  on  board  ship,  but  even  the  optimistic  Kennedy 

was  forced  to  admit  that: 

We  have  conducted  some  field  tests  with  the  Portable  Alert- 
ness Indicator.    These,  in  general,  have  indicated  that,  if 
you  send  a  specially-trained  technician  out  with  the  equip- 
ment, it  will  perform  with  about  the  same  characteristics  as 
the  laboratory  model.     But  it  would  be  impossible,  at  the  pre- 
sent stage  of  development,  to  just  turn  the  device  over  to 
an  untrained  person  to  operate,  such  as  is  possible,  for  exam- 
ple, with  an  automobile  radio.    ° 

Kennedy  concluded  that  the  idea  was  not  practicable.     He  indicated  that 
perhaps  the  problem  was  not  so  serious  as  to  warrant  such  a  compli- 
cated contraption.     He  considered  that  other  indicators  might  provide 
better  measuring,  and  the  administration  of  drugs  such  as  benzedrine 
the  required  positive  alleviation.     The  idea  of  the  portable  indicator  re- 
mains intriguing;  perhaps  improved  technology  and  refined  procedures 
can  make  it  practicable. 

In  general,  the  problem  of  alleviation  seems  best  handled  from  a 
multi-sided  approach.     In  a  1962  study,  Hackl  suggested  that  a  positive 
program  of  physical  examinations  with  particular  attention  to  different 
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body  types  was  important,  as  well  as  scientifically  spaced  rest 

21 
periods.        He  considered  the  problem  social  as  well  as  biological 

In  his  "practical  analysis"  ,  Kennedy  suggested  a  more  whimsical 

combination: 

The  last  problem  I  wish  to  raise  has  to  do  with  alternative 
ways  of  handling  the  alertness  problem  practically*  There  are 
other  available  physiological  indicators  of  the  condition  of 
the  body,  such  as  the  Oximeter,  which  uses  a  photo-electric 
pick-up  based  on  transmission  of  light  through  the  lobe  of 
the  ear  and  measures  the  amount  of  oxygen  in  the  blood  by  the 
change  in  colour  of  the  blood;  the  electrocardiogram;  the 
galvanic  skin  response,  etc.    One  of  these  or  a  combination 
of  these  might  provide  a  more  positive  indication  „     There  is 
an  old  patent  on  a  simple  alertness  monitor- -namely  a  harness 
for  positioning  a  spike  under  the  subjects  jaw      When  his  head 
falls  down,  his  chin  is  impaled  on  the  spike  and  he  is  alerted 
very  positively. 

More  useful,  indeed,  is  the  program  which  Gartner  sets  forth  in  a  19  52 

23 
study.         He  suggested  that  an  individual  should  have  a  good  home  lo- 
cation, where  he  can  find  restful  conditions,  preferably  about  30  minutes 
traveling  time  from  the  site  of  his  work.    He  suggested  that  mental  work- 
ers should  perform  in  some  sort  of  physical  activity,  although  a  work 
associated  hobby  is  also  considered  desirable.    He  suggested  that  ex- 
cessive drinking  and  smoking  should  be  avoided  since  they  hinder  rest, 
but  considered  a  little  alcohol  beneficial   since  it  promotes  sleep      He 
suggested  that  rest  periods  of  up  to  30  minutes  during  the  day  might  be 
very  beneficial,    but  he  cautioned  that  larger  periods  should  be  avoided 
since  they  might  interfere  with  night's  sleep      This  study  provides 
valuable  insight  into  the  problem  to  be  discussed  in  the  second  part  of 
this  chapter — what  can  the  individual  destroyer  commanding  officer  do 
to  lessen  the  effects  of  stress. 

Obviously,  all  of    Gartner's  suggestions  are  not  applicable  or 
adaptable  to  the  work  environment  of  a  destroyer  at  sea,  but  many  are 
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worth  considering,    One  of  these  is  the  question  of  habitat.    On  a 
destroyer,  the  commanding  officer  normally  "lives"  with  his  office-- 
since  only  in  the  newer  ships  does  he  have  more  than  one  room.   (Most 
of  the    old  destroyers  have  "sea  cabins"  in  the  bridge  area,  but  these 
are  so  cramped  that  their  use  is  almost  completely  functional--  sleep- 
ing, dressing,  and  using  the  toilet  facilities.)     To  compensate  for  this 
situation,  then,  the  destroyer  commanding  officer  should  make  a  de- 
termined effort,  at  a  certain  point  in  the  day,  to  put  aside  his  adminis- 
trative work  and  not  consider  it  any  further  that  day.     This  requires  a 
fairly  firm  schedule,  and  high  resolve,  because  there  always  seems  to 
be  administrative  work  pending      The  "break",  however,  will  probably 
result  in  higher  output (.    This  policy,  of  course,  must  be  flexible;  dead- 
lines are  deadlines,  especially  in  the  military,  but  the  commanding  of- 
ficer should  not  surrender  easily  to  the  temptation  to  violate  the  schedule. 
A  second  matter  has  to  do  with  physical  exercise „  No  matter  what  his  age, 
and  regardless  of  whether  he  is  required  by  regulation  to  perform  physical 
fitness  test  exercises  or  not,  he  should  endeavor  to  participate  in  a  regu- 
larly scheduled  daily  program  of  physical  exercise,     It  must  be  scheduled 
or  it  will  not  be  accomplished.     It  must  be  regular  to  preclude  undue  and 
sudden  strain.  It  must  be  physical,  because  the  work  of  the  destroyer 
commanding  officer  is  essentially  mental.     Recommendations  for  cutting 
smoking  down,  or  lowering  consumption  of  alcoholic  beverages  are  not 
so  easily  incorporated.    If  fear  of  cancer  will  not  stop  persons  from  smok- 
ing, certainly  the  threat  of  sleeplessness  will  not  greatly  disturb  them. 
The  question  of  liquor  on  board  ship  is  old  and  much  discussed;  this  paper 
is  not  the  proper  forum  for  a  continuation  of  that  discussion,     Suffice  it 
to  say  that  the  question  of  liquor  on  board  ship  will  not  be  decided  on  the 
basis  of  the  fact  that  an  occasional  "dram"  at  a  well  chosen  moment 
might  help  the  captain  get  some  sleep      (It  might  be  contended  that 
U.S.  ships  ,  contrary  to  popular  belief,  do  carry  some  liquor  on  board, 
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which  is  normally  controlled  in  the  same  manner  as  the  medicinal 
drugs  and  narcotics.    There  is,  however,  very  little  of  this,  and  conse- 
quently, it  is  usually  dispensed  only  in  conditions  of  extreme  exposure, 
or  the  like.     If  the  Captain  wants  a  drink  to  help  him  sleep,  he  would 
have  to  jump  over  the  sideO    Of  all  the  suggestions  proffered  the  pro- 
posal about  30  minute  naps  seems  the  one  most  likely  to  achieve  instant 
success      It  does  not  have  to  contend  either  with  ingrown  habit  or  Navy 
Regulations  to  gain  acceptance .     In  fact,  it  is,  undoubtedly,  quite 
widely  practiced.     It  is  one  of  those  rare  practices,  which  is  highly  en- 
joyable, and  scientifically  sound 

Many  other  applications  can  be  taken  from  the  research      It  might, 
for  example,  be  quite  sensible  to  cut  back  personal  coffee  consumption, 
and  munch    benzedrine  tablets  instead,  when  that  "little  extra"  resis- 
tance to  fatigue  is  required.     Most  destroyers  now  have  a  capability  to 
provide  music  throughout  the  ship;  it  might  be  worthwhile  to  provide  music 
designed  to  improve  mental  efficiency  through  this  medium     (This  recom- 
mendation is  qualified  because  what  is  one  person's  music  is  another 
person's  noise,  and  frequently  the  opposite  poles  on  this  continuum  are 
occupied  by  the  40  year  old  commanding  officer,  and  the  19  year  old 
radioman,  who  twists  the  dial.)     Thermal  control  and  a  "comfort  zone" 
make  good  sense;  ships  are  being  constructed  or  modified,  more  and  more, 
in  a  manner  to  facilitate  this      All  of  these  matters  seem  trivial  or  obvious 
when  exposed  singly;  in  sum,  however,  they  become  quite  important.  More 
significant  than  these,  however,  is  the  one  prerequisite  on  which  any  mean- 
ingful individual  "attack"  on  fatigue  must  be  based.     Every  officer  in  com- 
mand should  have  a  thorough  knowledge  of  the  types  of  stress  to  which 
his  system  might  be  subjected,  and  an  equally  thorough  knowledge  of    the 
characteristics  of  the  resultant  fatigue.     Even  more  important,  the  command- 
ing officer  should  have  a  well  developed  knowledge  of  his  own  and  his  sub- 
ordinates  reactions  to  the  various  stressors,  singly  and  in  combination. 
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This  is  a  large  order.    No  one  can  know  "everything"  ,  but  if  the  com- 
manding officer  is  examined  regularly,  and  if  the  results  are  made 
known  to  him,  he  can  find  out  much.     By  observation  of  subordinates,, 
and  correlation  with  test  results,  he  can  find  out  much  more.    This  is 
the  beginning  of  an  individual  approach  to  fatigue  control.     It  leads 
quite  naturally  into  the  final  part  of  this  section--the  discussion  of 
the  proper  role  of  the  Navy  Department  in  the  alleviation  and  control  of 
fatigue. 

Any  comprehensive  program  for  the  Navy  Department  in  the  control 
and  alleviation  of  fatigue  must  logically  be  centered  about  a  program  of 
testing  of  reactions  to  stress,  and  examining  decisions  made  under 
various  degrees  and  types  of  fatigue.    As  demonstrated  in  this  report, 
there  are  many  tests  available  for  use.    A  feasible  program,  for  example, 
might  consist  of  a  battery  of  "paper  and  pencil"  tests,  including  Rorschach 
and  thematic  a  perception  tests, and  physiological  and  psychological  mea- 
surements of  reaction  to  mild  stress,  as  part  of  the  annual  physical  exami- 
nation now  conducted  on  all  officers--or  as  an  adjunct  to  the  quarterly 
physical  fitness  tests.   (The  first  alternative  seems  preferable  because  the 
fitness  tests  terminate  at  age  40,  and  this  is  the  " prime -of-life"  for  the 
Navy  decision-maker.)     These  tests  should  be  for  all  line  officers--not 
merely  commanding  officers.     For  prospective  commanding  officers,  a  mini- 
mum of  three  days  of  extensive  situational  stress  testing  should  be  con- 
ducted.    In  most  of  our  larger  operating  ports  there  are  already  in  existence 
well  equipped,  realistic  "mock-ups",  in  which  operational  situations  can 
be  very  elaborately  duplicated.    Turning  such  "mock-ups"  into  laboratories 
would  require  almost  no  cost.   (The  costs  envisioned  are  personnel  costs, 
and  costs  for  such  measuring  equipment  as  is  desired.)     For  example,  in 
such  a  setting,  a  commanding  officer,  under  stress  of  48  hours  sleep 
deprivation  might  be  required  to  make  an  in  extremis  emergency  ship- 
handling  decision.     In  these  days  of  computers  and  complicated    programs, 
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it  is  easy  to  imagine  quite  complicated  and  sophisticated  embellish- 
ments,     These  are  possible,  but  not  necessary  to  achieve  the  desired 
ends.    A  series  of  20  or  30  meaningful,  simple  situational  problems 
should  prove  extremely  informative .     Most  important,  the  results 
should  be  discussed  with  the  officer  examined,     This  type  of  testing 
would  provide  a  solid  base  for  any  proposed  program;  it  would  provide 
current  "feed-back"  of  some  worth--a  far  cry  from  the  results  of  psy- 
chological tests  administered  at  induction  time,  and  never  further 
utilized. 

A  second  area  for  Navy  Department  attention  is  the  further  develop- 
ment of  the  "man-machine"  research.     Much  has  already  been  accom- 
plished along  these  lines  .     The  operational  equipment  in  the  new  de- 
stroyers is  much  more  functionally  distributed  than  in  the  old ,    All  one 
has  to  do  is  to  look  into  the  Combat  Information  Center  of  an  old  de- 
stroyed before  and  after  FRAM  conversion  to  see  the  difference.    Some- 
times the  application  of  "man-machine"  ideas  is  so  gradual  that  it  is 
only  noticeable  over  timeo    Sailormen  consider  deck  to  overhead  heights 
"standard"  ,  yet,  even  the  most  landlubberly  visitor  to  the  U.  S     S. 
CONSTITUTION  will  note  that  something  has  changed  since  that  ship 
was  built  with  her  "'tween  decks"  of  considerable  less  than  6  feet! 
"Man-machine"  accommodations  must  be  continuing;  just  as  the  physical 
characteristics  of  people  change,  so  also  do  the  uses  to  which  shipboard 
equipment  is  put.     The  system  must  be  continually  up-dated. 

Many  other  supplementary  procedures  should  be  adopted  or  con- 
tinued in  the  battle  against  fatigue.     Extensive  background  screening 
of  officer  candidate  personnel—both  psychological  and  physiological  — 
seems  worthwhile,  and  should  be  continued,,    An  innovation  to  the  fit- 
ness report  in  which  the  commanding  officer  would  be  required  to  evaluate 
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his  subordinate  officers  under  the  headings  of  "reaction  to  stress"  or 
"propensity  to  fatigue,"  might  prove  quite  valuable --as  much  by  forc- 
ing the  reporting  seniors  to  contemplate  these  problems  as  in  the  actual 
evaluation  assigned.     The  establishment  of  some  kind  of  a  "peer- 
rating"  system  in  this  area  might  prove  even  more  valuable  as  Robert 
Bums  would  attest: 

Oh  wad  some  power  the  giftie  gie  us 
To  see  ourself  as  others  see  us  !, 
It  wad  frae  monie  a  blunder,  free  us, 
An'  foolish  notion24 

The  greatest  value  of  all  might  well  accrue ,  however,  to  a  comprehen- 
sive system  of  reports  submitted  by  subordinates      Who  better  knows 
the  leader  than  his  followers?    Admittedly,  this  system  might  prove  dif- 
ficult to  put  into  use,  but  if  properly  used  the  information  could  be  most 
valuable. 

In  closing  this  report  it  seems  important  to  focus  on  its  limitations 
and  its  broader  purpose.     This  has  been  a  report  based  almost  exclu- 
sively on  the  results  of  research  directed  at  other  professions,  other 
disciplines,  other  purposes.     Some  of  the  conclusions  and  observations 
may,  therefore,  and  quite  properly,  be  vulnerable  to  attack.    The  only 
way  to  test  the  conclusions  and  observations  is  in  the  "  laboratory  . " 
Since  this  is  beyond  the  capabilities  of  the  writer  in  scholarship,  time, 
and  money,  it  will  have  to  be  left  to  some  future  student  of  the  problem. 
There  seems  no  doubt,  however,  that  stress  can  exact  a  heavy  toll  from 
the  human  system,  and  that  this  system,  remarkable  as  it  is  in  its  de^ 
fenses,  inevitably  must  suffer.    To  simplify  the  significant  to  its  mini- 
mum, if  those  effects  can  be  lessened  at  all,  it  may  be  that  at  some 
time  a  fatal  decision  will  not  be  made,  a  ship  and  many  lives  not  lost 

On  the  night  of  26  April,1952,  the  aircraft  carrier  WASP  collided  with 

25 
the  destroyer  HOBSON  in  the  north  Atlantic.  176  lives  were  lost.     No 
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one  knows  just  how  much  stress  and  fatigue  had  to  do  with  that 
collision,  but  it  is  reasonable  to  assume  that  such  factors  were 
present      If  a  new  system  can  prevent  one   such  disaster,  by  insuring 
that  the  one  person  who  will  have  to  make  the  critical  decision  is 
better  prepared  to  handle  the  "out  of  the  ordinary"  ,  will  not  it  be 
worth  the  price?    It  seems  so. 
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